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‘Tes NEW “Blue Demon” 4-Blade Insert Bit. . . 
developed for faster penetration in harder for- 
mations . . . drills smoother, without loss of gage 
in the hole. 

More cutting surface on bottom keeps the 
bit from walking, in hard rock, for straighter 
hole to load, and less strain on your drill. 

Equally effective in air or water drilling, 
the 4-blade unit, requiring the replacement of 
only a 4-blade shank, is interchangeable with 
the popular 3-blade units, in the same type 
“Blue Demon” Bit Body... with bodies avail- 
able for all popular sizes and styles of drill rod. 

Alloy bar flats, to speed break-out, are 
welded to the precision machined, heat-treated 


steel bodies, available for box or pin connection. 

The tough, forged tool steel blades, with 
high quality tungsten carbide inserts, welded 
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A unique grinding procedure on the blades 
produces the superior cutting edge, which per- 
mits faster rotation on bottom...for more 
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Four-blade insert bits are now available, 
in popular sizes, from all authorized “Blue 
Demon” stock points. Try a set on your next 
hard-rock location. 
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Delay Units 


Will Reduce Ghost Reflections 


It has been amply demonstrated that 
properly matched elongated charges will 
weaken ghost reflections. 

“Elcord” Delay Units make it possible 
to assemble, in the field, elongated charges 
whose weight, length and velocity can be 
varied independently over wide ranges. 
That is, whatever the velocity, and wheth- 
er it is a 5-pound charge distributed over 
60 feet of hole or 50 pounds over the same 
length, an “Elcord’” charge can be de- 
signed to fit your specific problem. This 
unique capability is now being widely uti- 
lized to eliminate the troublesome prob- 
lem of ghosting. 


ACCURATE! “Elcord” Delay Units are 
accurate to + 3% and are unaffected by 
borehole conditions such as hardness of 
the material in which the hole is drilled, 
the presence or absence of water, etc. 
When you match velocities with “Elcord” 
Delay Units, you know exactly what you 
are doing. 


FLEXIBLE! “Elcord” Delay Units are five 
feet long and can be assembled into 
charges of any desired length. Greater 


spacing between the “Nitramon” S sec- 
tions, in multiples of five feet, can be ob- 
tained by screwing two or more units to- 
gether. 

Delays of 0.50, 0.75, 1 and 2 millisec- 
onds provide matched velocities between 
2,500 and 10,000 ft./sec. The amount of 
explosive per delay can be varied from one 
pound to whatever is wanted merely by 
changing the number of “Nitramon” S 
cans between the “Elcord” Delay Units. 


PRACTICAL! Designed for use with 
Du Pont “Nitramon” S, “Elcord” Delay 
Units can be coupled quickly and easily 
into rigid charges that can be loaded even 
in badly blocked holes. They’re unaffected 
by water. Can be “slept” indefinitely. Im- 
pervious to heat or cold. Highly insensi- 
tive to shock and friction. Immune to stat- 
ic electricity. Firing is by means of a “Ni- 
tramon”’ S Primer at the top of the charge. 
No other primers are necessary, because 
an “Elcord” Delay Unit will detonate 
either ““Nitramon” S or another unit. 
Your Du Pont representative can give ~ 
you full details. Or write: Du Pont, Explo- 
sives Department, Room 6444, Nemours 
Building, Wilmington 98, Delaware. 


GJ vu pont seismic propucts 


REG. U.S. PAT. OFF. 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


1 

1 

; 
= 

4 


GEOPHYSICS, OCTOBER, 1959 


IRGHILD first with RADAN’ 500 


Doppler radar navigational 
system for aerial geodetic 
and survey purposes! 


Only RADAN 500 combines the proven features of military- 
p= ham gaa systems with the latest advances in the state 
of the art. 


This newest Fairchild navigational aid is Py most modern 
Doppler radar ble. With ii ision flight 
paths can be flown over any terrain otheut - photos, maps, 
or ground stations of any kind. Since much of the cost of 
surveying lies in obtai t y or establishing ground 
stations for accurate flight path control, the RADAN 500 
dramatically reduces survey costs. Actual flying can get 
underway faster and surveys are completed sooner. 

This new Fairchild service is available for geophysical and 
photomapping projects anywhere in the world. For complete 
information write or TWX: 


WHAT IS DOPPLER? 
The RADAN 500 Doppler radar automat- 
ically and continuously determines ground 
drift —_ of the aircraft. From 
“brain” in 
the its exact position, 
enabling the pilot to fly precise flight paths 
over desert, jungle, ice or any featureless 
terrain without ground control of any kind. 


FAIRCHILD AERIAL SURVEYS, INC., Los Angeles, Calif: 224 East 11th Street Offices in: New York * Chicago * Boston * Birmingham * Houston 
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NEW PRODUCTS AND SERVICES 


KING-SIZE INSTRUMENT CASES 


A new line of ee instrument 
cases is announced by TA Mfg. Corp., Los 
Angeles. The new “King-Size” line, de- 
veloped by the Instrument Case Division, 
includes cases up to 30” high. Yet, prices 
are comparable to those of shallow-depth 
containers. 


The new King-Size models, like all TA 
cases, come in a diversity of standard lid 
sizes, and are sold at proprietary prices. 
However, during assembly the depth can 
be varied to meet almost any requirement. 
Vellums and templates are furnished to in- 
strument manufacturers so they can design 
their products to conform to these standard 
sizes and thus avoid costly tooling charges 
for special containers. 

TA cases are designed to meet Mil-Std- 
108C and Mil-T-945A. Special, shock- 
mounted reinforced aluminum construc- 
tion is engineered for a combination of 
strength with minimum weight. Latches, 
handles and other hardware are mounted 
on the reinforcing rims to preclude body 


stress. Cases have Mil-spec. relief valves 
that protect contents from pressure 
changes. 

Models are available with access doors 
that allow operators to check instruments 
without removing them from case. 
Delivery on prototypes is four weeks or 
ess. 

TA Mfg. Corp., 4607 Alger Street, Los 
Angeles 39, California. 


PORTABLE CABLE REEL 


A portable cable reel, especially designed 
for geophysical use, now is being manu- 
factured by Tesco, Inc., Tulsa. 

This light-weight reel is designed to be 
worn on the chest, leaving the operator's 
hands free. It is constructed of aluminum 
alloys and supported by neoprene-coated 
nylon webbing for even and comfortable 


weight distribution. The simplified harness 
design makes it easy to attach or remove 
the reel assembly. 

Ball-bearing action assures smooth oper- 
ation and a cylindrical core prevents kink- 
ing. The reel also is equipped with a lock. 

The reel is available in 10, 12, 14 and 15 
inch widths. Respective capacities, using 
3/16” wire, are 1350, 1625, 1900 and 2035 
feet. Weights range from seven pounds, 
eleven ounces to eight pounds, four ounces. 

Tesco, Inc., 1403 E. 5th Court, Tulsa, 

klahoma. 


(Continued on page 53) 
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e IMPROVED STATIC RESISTANCE is 
demonstrated by exhaustive tests under 
actual field conditions and by six years serv- 
ice with leading exploration crews. Over 
3,000,000 Staticmaster Caps have been 
sold, with no report of accidental deto- 
nation attributed to static! 


e DEPENDABILITY tops the field 
due to exclusive built-in, pretested 
Atlas electric match. UNIFORMITY 
in pattern shooting is enhanced 
because electric match allows bridge 
wire to be double checked for resist- 
ance before and after final cap 
assembly. 


e SAFETY is increased by use of 
low sensitivity Atlas HNM (hex- 
anitromannite) in primer charge. 
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RESISTANCE all 
the way from cap to 
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watertight seal. 
Tell your supplier you want 
STATICMASTER Electric Blast- 
ing Caps and Atlas explosives 
and blasting agents on every 

trip. 
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. .. for ‘Jeep’ vehicles, International*, Chev- 
rolet, GMC, Ford, Land Rover and others. 


COMPLETE, READY-TO-INSTALL KING 
FRONT-MOUNT WINCH ASSEMBLIES 
FEATURE: 
@ winch side arms to reinforce truck 
frame 
@ bronze-bushed, 4-way cable guide 
rollers 
@ cable drum guard 
@ heavy-duty pipe bumper 
needle - bearing, universal - joint 
spline-shaft drive assembly 
e Timken bearings on worm 


*King Winches for International 
trucks are available through In- 
ternational-Harvester dealers. 


King Winches keep you moving 
through the most difficult terrain 

. you get action where there's 
no traction with dependable pull- 
ing power. King power winches 
have pulling capacities of 8,000 


to 19,000 Ibs. 
Kot 


ALL-STEEL CABS FOR jeep 


UNIVERSALS 
FULL AND HALF CABS 


Koenig cabs and King 
Winches for ‘Jeep’ 
vehicles are available 

through all author- 
ized ‘Jeep’ vehicle 
dealers. Write for free 


Model 550 Koenig Full Cab descriptive literature. 


and Model 1514 King Winch 
on CJ-5 ‘Jeep’ Universal, KOENIG ALL-STEEL CABS HAVE THESE SUPERIOR 
FEATURES: 


@ PROTECTION @ SAFETY 

@ COMFORT @ CONVENIENCE 
Roll-down windows, full opening . . . full panel- 
board head lining and masonite door lining . . . 
safety glass throughout . . . all-steel welded 
construction . . . door locks, 


IRON WORKS, Inc. 


P. O. BOX 7726 ¢ HOUSTON 7, TEXAS 
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Geophysical 
Associates 
International 


tell you where 


to hunt 


The GAI-GMX group are presently qperating field crews in 
the Near East, Canada, South America} and the USA. 

The proved ability to make gravity, magnetic, or seismic surveys 
under varying conditions of climate, terrain, and 

accessibility means that the data will be accurate, will provide 
the foundation for sound interpretation. These data, when 
translated into detailed interpretations of underlying 

geologic structures by GAI-GMX, give you the most for your 
exploration dollar. And geophysical exploration is so 

costly today that you can afford only the best. 

Geophysical Associates International and Gravity Meter 
Exploration Company, 3621 West Alabama, Houston 27, Texas. 
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Now available! Order now! 


4 
LESSONS IN SEISMIC COMPUTING 


By M. M. SLOTNICK (1901-1956), Edited by R. A. Geyer 


The elementary text and problem book you have been waiting for is now 
available! . . . Its 350 pages contain 44 lessons in seismology arranged for selection 
or combination to cover the normal 36-week course, or for condensation into an 
18-week course. Written by Dr. Slotnick tor the Geophysics Department of Humble 
Oil & Refining Co., this series of lessons presents the basic physical laws relevant 
to seismic interpretation, The lessons begin without asuming more than secondary 


school mathematics. An elementary knowledge of the Calculus is desirable, though 
not required, for the last half of the book. In its scope, detail and clarity of stvle, 
this work provides an authoritative reference for individual study, as well as a text- 
book for formal courses. 

This volume is a memorial to Dr. Morris Miller Slotnick, editor of GEO- 
PHYSICS (1937-1939), a brilliant scientist who was known and loved by many 
members of the SEG. He held the degree of Doctor of Philosophy in Mathematics 
from Harvard University, studied at Hamburg, Germany, as a Harvard Traveling 
Research Fellow, at Princeton as a National Research Fellow, and taught mathe- 
matics at Princeton and at Grinnell College. He wrote and taught the lessons com- 
prising this publication while Chief Mathematician for Humble Oil & Refining Co. 
from 1949 to 1952. In the words of Dr. Geyer, “. . . he had the rare gift of com- 
bining in his teaching not only the successful presentation of subject matter, but 
simultaneously, something of infinitely greater value—a way of life.” Permission 
to publish the volume has been granted the Society by Mrs. Slotnick and the 
Humble Oil & Refining Co. 


$5.50 ($4.25 to SEG members) 
(Add 2% sales tax in Oklahoma; 


50¢ additional per copy on foreign orders) 
INSTRUCTOR’S COPY FURNISHED WITH BULK ORDERS 


Order now from 


SOCIETY OF EXPLORATION GEOPHYSICISTS 
Box 1536, Tulsa 1, Oklahoma 
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GEOPHYSICS 


EDITORIAL 
SEG INSTITUTIONS—THEIR CONTINUED IMPROVEMENT 


SEG has developed two institutions of world-wide scientific importance— 
Greopuysics and the Annual Meeting. The Twenty-Ninth Annual Meeting of the 
Society of Exploration Geophysicists will convene at Los Angeles on November 
9, 1959. 

The annual meetings have increased in stature in recent years. The large 
number of high quality papers, the concurrent Mining Geophysics sessions, and 
most important, the development of the Research sessions have been significant 
milestones in our progress. These accomplishments, requiring additional sessions 
and additional auditorium facilities, were possible only as a consequence of the 
SEG decision to discontinue joint annual meetings with AAPG Our pride in 
our two great institutions may be expressed most effectively by efforts toward 
further improvement. 

The discontinuance of the joint annual meetings has deprived our member- 
ship of the opportunity to hear significant geological papers. We have sug- 
gested to the Program Chairman that a group of geological papers be included 
in our general sessions. To assure that these are papers of interest to geophysi- 
cists, they should be invited papers, selected primarily from the preceding 
AAPG Convention. 

Many of us are aware of the need for general improvement in the presentation 
of papers. The Best Presentation Award (see page 862 for details) will be be- 
stowed for the first time this year, and is designed to encourage better delivery. 
We hope that the suggestions for preparing an oral presentation (Faust, 1958) 
will be considered seriously by the authors and will aid them. 

Pimm (1959) deplored the unsatisfactory arrangement and consequent poor 
attendance at the session devoted to the Presidential Address, to the addresses of 
the invited speakers, and to the presentation of Honors and Awards. In reponse 
to his criticisms the Vice President and the Los Angeles Committees have de- 
signed a superior plan. The invited speakers will be given places of honor on the 
program, but will no longer be grouped sequentially. The Honors and Awards 
are scheduled for presentation at a luncheon meeting. We feel assured that these 


1 Lack of sufficient auditorium facilities at Los Angeles will prevent the Program Chairman, 
Mr. Braun, from following this suggestion to the extent he would prefer. 
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arrangements will receive the support of the membership by a large attendance. 

These efforts toward improvement of our Annual Meeting should result in 
the forthcoming Los Angeles Meeting surpassing all previous meetings in quality. 
We suggest that those in attendance can aid in improving another deficiency. 

A considerable amount of valuable information is lost through failure of the 
authors to seek publication in Gropuysics. Less than 20 percent of the papers 
presented at San Antonio in October 1958 have been submitted to the Editor to 
date (July 1, 1959). A few have been published elsewhere by special arrangements. 
Past experience suggests that less than 50 percent will ever be submitted for pub- 
lication. SEG Policy (1958), published repeatedly, states: 

“‘When a paper is accepted for presentation at an annual or regional meeting 


of the Society, its author is ordinarily expected to submit within a reasonable 
time, a manuscript of the paper for possible publication in GEopHysics.” 


Since this requirement is presumably known to our authors we must accept 
their non-compliance as a fact for which we should seek a remedy. Perhaps not 
only the author, but also his audience is at fault. 

The average author presents his paper because he believes it is significant. 
He is proud of his work and seriously interested in it. He hopes to elicit discussion 
and suggestions from other investigators in the same field. Too often the discus- 
sion period following the paper is notable for its silence. This may be understand- 
able since many of us are loath to offer comments extemporaneously. Previously 
prepared discussions are a partial answer, but the mechanics of our meetings are 
such that, except in the Research sessions, there is insufficient time for a long 
discussion period. There is however another type of discussion possibly more 
important to the author—the informal discussion. It is not unusual to find our 
more experienced speakers stationed outside the doors of the auditorium im- 
mediately following their presentations. They are making themselves available 
for questions, criticisms, suggestions, and comments. The exchange of ideas with 
other interested investigators is often the chief reward to the author for his work. 
The author who receives no evidence of interest may conclude that his subject 
is unimportant and so loses the incentive for the difficult task of preparing his 
paper for publication. 

We suggest that the audience at the forthcoming convention has a duty to 
perform. Those not inclined to comment publicly on a paper of interest might 
seek out the author afterwards. They as well as the author will enjoy and profit 
by discussion. Those who believe a paper should appear in GEopuysics should so 
advise the author. 

The material appearing in GEopuysics should be governed to a considerable 
extent by the interests of the membership. We believe that members attending 
our annual meeting have the right and the duty to encourage submission to 
GEoPuysics of those papers they consider worthy. Is it possible that the sta- 
tistics on the submission of papers to Geopuysics has been indeed a function of 
the exercise, deliberate or otherwise, of that right? 


2 


SEG INSTITUTIONS 657 


We emphasize that an author has a duty to his Society as well as to himself 
to submit his manuscript for possible publication. Failure to do so results in a 
loss to our science. It is the responsibility of the audience to aid the authors by 
discussions either formal or informal. If the members of the audience express to 
the author a desire to see his paper in print, they encourage him to prepare this 
manuscript and remind him of his obligation to do so. 
THE EDITOR 
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WAVE PROPAGATION IN A LIQUID LAYER* 


D.- 


ABSTRACT 

In many areas offshore, the conventional seismic record has the appearance of a series of sine 
waves or simple odd harmonic combinations of sine waves, with a fundamental wave length four times 
the water depth. Burg, et al., in a ray theory treatment, ascribe this oscillatory phenomenon to 
guided energy traveling in the water layer. 

A solution of the pressure wave equation for a point source in the water layer has been obtained. 
It allows one to examine not only the frequency dependence with the depth, but also the transient 
amplitude response with depth and time. 

It is concluded that in most actual situations, the phenomenon cannot be wholly explained by 
the assumed mechanism, because the theory indicates too rapid a decay of the energy. 


In a number of areas offshore, the conventional seismic record has the appear- 
ance of sine waves, or of simple odd harmonic combinations of sine waves, with 
a fundamental wave length four times the water depth. This phenomenon can 
appear on seismic records in varying degrees from the extreme form when the 
oscillation occurs throughout the record all the way down to reasonably good 
records. The reflection events are often masked by the oscillation, and picking of 
events is very questionable, if not impossible. 

As a first step toward a better understanding of this oscillatory phenomenon, 
it is worthwhile to examine theoretically the propagation of explosive sound in 
the water layer. Our problem is to determine the pressure field in the water due 
to a point source located at a depth d below the water surface. . 

For purposes of analysis we assume that the water layer is a perfect acoustic 
medium of density p; and sound velocity c, which is overlying a semi-infinite 
acoustic medium of density p2 and velocity cz (Fig. 1). 

The pressure field is determined by the wave equation 


where p is the pressure, and the particle velocity in terms of pressure is 


Ou 
rad p = — p — 
grad p p 1 


where a is the velocity vector. A subscript 1 or 2 will be used to designate the 
given quantity in the upper or lower medium respectively. 
In order to find the frequency dependence on the depth, we will solve equa- 


* Presented at the 26th Annual Meeting of SEG, at New Orleans, October, 1956. Manuscript 
received by the Editor March 9, 1959. 

+ IBM Research Center, Yorktown Heights, New York, formerly Research Engineer at Cali- 
fornia Research Corporation, LaHabra, California. 
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Fic. 1. Mathematical model for a two-layered acoustic medium. 


tion (1) subject to the following conditions: 


at s=0, (2) 
a 
(3) 
Oz 


and a sinusoidal pressure field of the form 


1 
= gilkR—wt) 
po(R) R (4) 
radiates from the point (0, d), where R?=r?+ (z—d)?, and k=w/c; = wave number. 

The condition (3) implies that the bottom is perfectly rigid, so that no energy 
can escape through it. This condition is used here to simplify the mathematics, 
as the frequency dependence is primarily determined by the geometry of the 
system. However, in a later stage we will remove this restriction in favor of a non- 
rigid liquid layer to simulate an absorptive ocean bottom. 

The steady state solution of the pressure wave equation that satisfies the 
conditions (2), (3), and (4) is straight forward. Instead of writing down the 
result immediately we will build up the solution from the physical picture of 
images (Fig. 2). If we add all the images and apply Poisson’s formula (Titch- 
marsh, 1948), the pressure distribution off the axis becomes: 


r, sin — }— sin — n 4 
pi 1 n 1 n 0 


n=0 
where 
( 1 2 r 1/2 


H,™ denotes the Hankel function of zero order and first kind. 
This is the “‘normal mode solution.”’ 


@ 
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Now let us examine the physical meaning of the normal mode solution. First 
of all, the pressure field is a sum of normal modes. These are of different natures 
depending on whether a,”>0 or a,’ <0. In the former case, the pressure becomes 
a progressive wave system, and the amplitude of the mth mode is weakened with 
the range through the cylindrical divergence factor r~/*. On the other hand, if 
a,?<0, the argument of the Hankel function becomes an imaginary quantity. In 
this case, the amplitude of the nth mode suffers both cylindrical divergence and 


i 


WATER SURFACE 
° 


a 


“SOURCE 


Fic. 2. Image method (@ source, o source of the same strength but opposite phase). 


an exponential attenuation with range r, and the wave does not propagate. 
Each normal mode has a lower cutoff frequency. 

As a special case, when a@,?=0, the Hankel function approaches infinity, indi- 
cating a “resonance.’’ The corresponding frequencies are 


Qn t 


0,1,2,--- 
4H 


The resonant condition is analogous to that of an organ pipe closed at one end. 
This frequency-depth relationship checks with many observed oscillatory seis- 
mograms. In this solution, the pressure approaches infinity at the “resonant 
frequency” for all values of the range r, because one has not introduced any 
absorptive mechanism, such as an absorptive bottom. But the pressure ap- 
proaches infinity logarithmically, since the Hankel function has a logarithmic 
singularity at the origin. This infinity is very weak, and consequently the reso- 
nance phenomenon is weak. In fact, it is much weaker than a simple, nondissi- 
pative resonant electric circuit which approaches infinity as ({—f’)“! when f 
approaches the resonant frequency f’. In actual practice, the resonance will be 
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weakened still further by dissipation in the medium and absorption by the 
bottom. 

In order to obtain some amplitude information, one must deal with the 
transient pressure response in the water layer. Pekeris (1948) thoroughly inves- 
tigated the dispersive wave phenomenon at very long ranges. Press and Ewing 
(1950) extended Pekeris’ treatment of the case of a solid bottom. Both papers 
essentially dealt with rays greater than the critical angle. These rays form a 
dispersive progressive wave and travel in the water layer to a very long distance. 
In offshore seismic prospecting we usually operate at comparatively short 
ranges. Observation on conventional offshore seismograms indicates that disper- 
sion is very gradual. The oscillation is a closely related phenomenon involving 
more nearly vertical incidence (Burg, etc., 1950). From this it follows that one 
can make an estimate of the transient pressure amplitude response in the water 
for the normal seismic spread, if the axial response due to the shot is known. 

The transient solution of the pressure response at an axial point due to a 
pressure source F (t) can be obtained by the method of Laplace transformation. 

The problem consists of solving the pressure wave equation, in cylindrical 
coordinates, 


(7) 
2 
subject to the following boundary conditions: 
(a) pi =0 at z = 0, (8) 
(b) pr = ats = H, (9) 
(c) * = at z = H, and (10) 


(d) A pressure field of the form 


(11) 
pu(R) = 


where 
R? = #? + (z — d)? 


is radiated from the point (0, d). The subscripts 1 and 2 denote the regions 1 and 
2, respectively (Figure 1). 
Applying Laplace transform to equation (7), we have 


— +=1,2 


where 


7 
g vA 
| 
(12) 
Tis 


Bi -f 2, 
0 


Similarly, the boundary conditions become 
fi = 0 atz = 0, 
Pi atz = H, 
1 Op, 


r atz = H, and 
Pi 


Po(R) 


The solution of equation (12) is 
pi = F(s) E +f A(A)Jo(Ar) sinh azdd 
R R’ 0 


in layer (1), and 


-f B(A)J o(Ar)e 
0 


in layer (2), where 
R = [r? + — d)?]"?, R’ = + d)?]"? 
a = [(s/er)? + B = [(s/cz)? + 
A(A) and B(A) are arbitrary constants. 


The choice of hyperbolic sine function in equation (18) automatically satis- 
fies condition (14). The two terms in the square bracket of equation (18) repre- 
sent the source and image. 

Applying the Sommerfeld formulae, 


A 
— 
R a 


and 


— dyn 
a 


to equation (18), and using the conditions (15) and (16), we find 


F(s) sinh ad[1 — (8/a)(p1/p2)] 


A(d) = 
0) a cosh aH + (8/a)(p:/p2) sinh aH 
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Substituting equation (20) in equation (18), the pressure response may be 
formally represented by the following formula: 
| 


Air, s) = F(s) 


7 (1 — — }sinh ad sinh azJo(Ar) 
F(s) ape 
+2 
0 


dx. (21) 


. 
cosh aH + (=) sinh aH 
ap 
The next step is to apply the inversion theorem to equation (21) and find 
the pressure response versus time. The inverse transform of the two terms within 
the square bracket is straight forward. They are simply 


1 R 1 R’ 
R C1 R’ C1 


which are the direct arrivals from the source and image. The wave shapes are 
preserved. Their arrival times are respectively ‘= R/cq and t= R’/c. The inverse 
transform of the integral in equation (21) is very complicated. However, a closed 
form solution can be obtained, if we are interested in primarily the axial pressure 
response. 

Therefore, we will confine our attention to the inverse transform of the inte- 
gral of equation (21) for r=0, 


ce a 
$.0,5,8) 


cosh aH + (=) 


a 


Let us first make the following substitution 
= su 


in equation (23). Expressing the hyperbolic functions in the integrand in terms 
of exponential functions and expanding the inverse of the denominator, we get 


0 a(t) 


n=l m=1 


a(u) = + 1/¢,?)'/2, b(u) = (u? 1/c22) 
p2a(u) — prb(u) 


Pm ’ 
p2a(u) + pib(u) 


‘ 
} 
| 
= 
| 
| 
| 
dx. (23) 
sinh aH 
where 
| 
ie 


2nH +d — 
2nH — d —2, 
2nH —d+2, 
2nH + d+ 2, m = 4. 


In the above derivation we have assumed a Dirac 6(¢)-function for the excita- 
tion, whose Laplace transform is 1. Using now the change of variable (Spencer, 
1956) 

a(u)Rnm, and 


equation (24) becomes 


B.(0, 2, s) = = 3 of [@,, (0) (25) 


n=l m=1 nm 


Note that the integral in equation (25) is simply the Laplace transform of the 
function 


|"H (: —). 


C1 


H(t) is the Heaviside unit function. We obtain immediately 


1)” n+m—1 
p-(0, 2, t) = (26) 


n=1 m=1 Ran 


This is the axial response due to an excitation of an unit impulse 6(¢). For the 
response of a time function F(t), we can apply the convolution integral 


P.(0, = 2, — r)dr. 


Hence, we have 


n=1 m=1 Row 


Ram/ei 


pace 
K= 
p2l2 
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is the plane wave reflection coefficient at normal incidence, and 


p2 


= (t? 


Adding formula (22) and equation (27), we finally obtain the axial transient 
pressure response 


(0 ( 
z, 


C1 


n=1 m=1 nm 
t 


d 
+ F(t — 7) [@,,(r) ar (28) 


In the above solution, we have assumed a liquid semi-infinite layer with 
density pz and velocity cz instead of the restriction of a rigid bottom. 

The physical interpretation of the transient solution is not hard to grasp. 
The first two terms are simply the contribution due to the source and image. The, 
first group of terms inside the summation (m=1, 2, 3, 4) are multiples inside the 
water layer. These multiples not only decrease in amplitude by spherical diver- 
gence but also suffer a multiplying factor K" where K is the reflection coefficient 
of a plane wave at normal incidence. The exponent indicates the number of 
reflections from the bottom interface. The second group of terms (m=1, 2, 3, 4) 
inside the summation are the ‘correction terms’’ (Spencer, 1956) for a spherical 
wave hitting an elastic plane boundary. These terms are the “tail” characteristic 
of two-dimensional wave propagation which is imposed on the initial spherical 
wave by the plane boundaries. 

Calculation of the pressure response using equation (28) is laborious. How- 
ever, an estimate can be made based on the axial response. For the purpose of 
illustration, we will choose a typical example, as follows: 


H = 150 ft 10 
a= Sit 
c, = 5,000 ft/sec 
The choice of reflection coefficient of the value 0.75 is made in order to simu- 
late a hard limestone bottom. 
The amplitude versus time is plotted in Figure 3. This curve shows the 


envelope of the pressure amplitude as a function of time. From this curve it can 
be seen that the pressure amplitude decreases by 80 db in a time of about 1.2 
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seconds. However, in actual observation, the oscillatory traces often last much 
longer than the predicted time. It should be pointed out that the assumed reflec- 
tion coefficient of 0.75 appears to be very high for most offshore areas. For smaller 
values, the decay time would be still shorter. 

Therefore, we may conclude that in actual practice the observed oscillatory 
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0.4 08 12 1.6 
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Fic. 3. Transient pressure amplitude versus time (H = 150 ft, K =0.75). 


phenomenon in offshore seismic exploration cannot be fully explained in terms 
of the assumed model. 

In 1955, California Research Corporation conducted controlled experiments 
on the observed offshore oscillatory phenomenon which further sustained the 
above conclusion. Werth, Liu, and Trorey (1959) have put forth an alternative 
explanation that the “singing” phenomenon could be caused by the reflected 
energy from a deeper horizon. 
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A LOSS MECHANISM FOR THE PIERRE SHALE* 


C. W. HORTONT 


ABSTRACT 


A theoretical study is made of a fairly simple model of an elastic solid in which losses are at- 
tributed to both the shear modulus and the bulk modulus. Each of these elastic parameters is repre- 
sented by a circuit containing two springs and one dashpot. This is a modification of the usual 
Kelvin solid that has finite stiffness at infinite frequency. The four relaxation times introduced in 
the model are determined to fit the experimental data presented by McDonal e¢ al. (1958). It is shown 
that one can obtain a very good representation of their experimental data with the model described 
above. The wave equation for an elastic solid is given in a canonical form so that one can compare 
easily the behavior of different models of the elastic parameters. 


INTRODUCTION 


There are two successful approaches to the representation of the loss mech- 
anisms of a solid. One approach is to assume one or more relaxation times 7 for 
the medium. Since a relaxation process produces a frequency dependent loss that 
has its maximum effect near the angular frequency 1/7, experimentally deter- 
mined losses can be “explained” over an arbitrarily large frequency band by 


introducing a suitable distribution of the relaxation times over the same fre- 
quency bands. In the limit one has the entire spectrum of relaxation times 


O0<7r<; a case which has been discussed thoroughly by Gross (1953). 

The second approach involves the use of equivalent circuits in which the elas- 
tic compliance is represented by a capacitance and losses are represented by 
resistances, or conversely. Experimental loss functions over a given frequency 
range can be approximated arbitrarily closely by using a sufficient number of 
resistances and capacitances in the equivalent circuit. It is easily seen that this 
method is closely related to the one described above since an RC-network has 
one relaxation time associated with it while (V+1) resistances and (V+1) capa- 
citances arranged in one of the canonical forms described by Roscoe (1950) has 
N relaxation times. Thus in the limit as the network contains an infinite number 
of meshes, it becomes equivalent to an infinite set of relaxation times. The equa- 
tions relating these limiting cases are analyzed by Gross (1953). The reader is 
also referred to Richardson (1957) for a general discussion and to Roscoe (1950) 
for a particular discussion of the equivalent circuits used to represent loss mech- 
anisms. A recent paper by Knopoff and MacDonald (1958) contains an excellent 
discussion of the problem. 

In the practical problem one usually knows the attenuation over a limited 
frequency range and one prefers to introduce the simplest equivalent circuit or the 
fewest relaxation times that are necessary to explain the data. An example of 


* Manuscript received by the Editor May 4, 1959. 
¢ Chairman, Department of Physics, The University of Texas, Austin. 
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this approach is the use of the Kelvin solid as a model for the earth. As soon as 
it became apparent that the attenuation of seismic waves in the earth increased 
with frequency, one loss element was introduced in the equivalent circuit for 


Fic. 1. (a) The representation of a Kelvin solid with a spring and dashpot. (b) The equivalent 
electric circuit for a Kelvin solid. (c) The response of the circuit (a) to a Heaviside step function. 
s is the strain. 


the shear modulus. This led to the well-known Kelvin solid which is illustrated 
in Figure la as a spring and dashpot in parallel. The resulting response function 
for a Heaviside step function input is shown in Figure 1c. In the usual Kelvin 
model it is assumed that the bulk modulus is free of losses. 

If one introduces electric analogies in accordance with the scheme shown in 
Table I, one obtains the electrical circuit shown in Figure 1b as the electrical 


TABLE I 


ELEcTRIC EQUIVALENTS USED IN TRE DiscussION 


Elastic property Electric Analog 


stress voltage 
dilatation charge 

losses (dashpot) resistance 
modulus 1/capacitance 
mass inductance 


08 
(b) 
time 
(c) 
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equivalent of the Kelvin solid. The capacitance C represents the elastic com- 
pliance while the resistance R represents the dashpot. The relaxation time (RC) 
of the electrical circuit is equal to the relaxation time of the mechanical solid. 
The fact that the electrical circuit is in series while the mechanical circuit is in 
parallel is a result of the use of the equivalence between stress and voltage. 
Roscoe (1950) shows that one can avoid this feature by introducing electrical 
circuits in which current is the analog of stress. In this case one obtains an electri- 
cal network which is the dual of Figure 1b. This same dichotomy occurs in the 
use of equivalent circuits to represent lumped mechanical systems such as 
geophones. 

It seems to the writer to be much more natural to use voltage rather than 
electric current as the analog of pressure and this will be done. However, Roscoe 
(1950) points out the use of electric current for the analog of pressure is advan- 
tageous in applying Kirchhoff’s laws for networks. 


THE KELVIN SOLID 


Theoretical studies of the propagation of seismic waves in a Kelvin solid have 
been made by a large number of authors, but only one reference will be cited. 
This is the paper by Ricker (1943) in which he gives curves of the attenuation 
and phase velocity of a periodic wave versus the frequency of the wave. There 
are two basic features of the behavior of a Kelvin solid that make it unsatisfac- 
tory as a representation of the earth. The first of these is the dependence of at- 
tenuation on frequency. Ricker’s study (1943), shows that if the attenuation of 
a periodic plane wave is represented by exp (—&«x), the parameter & is propor- 
tional to the square of the frequency for a Kelvin solid. At that time experi- 
mental evidence was not clear, but since then two papers (Collins and Lee, 
1956 and McDonal et al., 1958) have presented very strong evidence that the 
parameter & depends more nearly on the first power of the frequency. 

The second way in which the Kelvin solid fails is that the phase velocity of a 
periodic wave becomes infinite as the frequency of the wave becomes infinite. 
It may be argued that this is not a fair criticism since the model is valid only at 
low frequencies. Even so, this difficulty means that the model is not very satis- 
factory to use in analyzing the propagation of pulses. If the pulse has a finite time 
duration, it will have an infinite frequency spectrum. According to the prediction 
of the theory, these infinite frequencies are propagated infinitely fast and, as 
Jeffreys (1931) pointed out, there is a ‘‘displacement at any instant, however 
early.” The problem of the propagation in a Kelvin solid of a disturbance whose 
initial shape is a Dirac-delta function has been analyzed very thoroughly by 
Hanin (1957). Hanin obtains solutions which are suitable for easy numerical 
computation for the forerunner, the main pulse shape, and the tail. He, too, con- 
cludes “the presence of the disturbances is felt immediately everywhere in the 
medium.” 

Another aspect of the behavior of the Kelvin solid at high frequencies is the 
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response to a Heaviside step function. As shown in Figure 1c, when the stress is 
suddenly applied, the immediate result is zero displacement, i.e., infinite rigidity. 
This violation of one’s intuitive feelings can be “explained away” as the result of 
applying the model in a frequency range to which it does not apply. 


A MODIFICATION OF THE KELVIN SOLID 


It has been argued above that the Kelvin solid is not satisfactory as a repre- 
sentation of the elastic properties of the earth. An application of William of 
Occam’s razor shows us that we should not add any more complications to the 


time _ 


(c) 


Fic. 2. (a) The representation of a modified Kelvin solid with two springs and one dashpot. 
(b) The equivalent electric circuit for the modified Kelvin solid. (c) The response of the circuit (a) 
to a Heaviside step function. s is the strain. 


theory than are necessary to explain the experimental data at hand. The next 
most simple model is that shown in Figures 2a and 2b in which one additional 
compliance, or equivalently, one additional relaxation time is added. This model 
eliminates two of the difficulties listed above. In the first place the phase velocity 
at infinite frequencies remains finite. Secondly, the immediate response to a 
Heaviside step function is a non-zero fraction of the final response as shown in 
Figure 2c. The analysis given below shows that the dependence of attenuation 
on frequency does not show the linearity required by the experimental data and 
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so one is forced to introduce a more elaborate model, i.e., introduce similar losses 
in the bulk modulus. 

The model illustrated in Figure 2a has been analyzed by Hillier (1949) in a 
study of the propagation of longitudinal waves in high polymer filaments. The 
losses were attributed to only one elastic modulus. The analysis of this model for 
one elastic modulus is summarized by Kolsky (1953, pp. 118-121). Geuze and 
Tjong-Kie (1954) describe experiments on the shear modulus of hollow tubes 
of pottery clay at a water content of 48 percent dry weight. When a sudden 
torque was applied, the resulting shear showed a curve much like that of Figure 
2c, but the time scale was much larger than that discussed below. 

The seismic literature does not contain many references to the possibilities 
of losses associated with bulk modulus, yet a particulate medium such as clay or 
sand is ideally suited for this kind oi loss. The hydrostatic stress could be sup- 
poried initially by a framework within the medium, but after a short time interval 
a readjustment of this framework would transfer the stress to other parts of the 
medium with a subsequent change in the dilatation. Alternate mechanisms of 
volume losses involving chemical reactions in the fluids may be invc!ved. Lieber- 
mann (1949) has shown the significance of this kind of process for the attenua- 
tion of sound waves in the ocean. 

In the latter part of this paper it is shown that the experimental measure- 
ments of McDonal et al. (1958) on the attenuation of shear and compressional 
waves in the Pierre Shale of Colorado, can be explained satisfactorily by intro- 


ducing two relaxation times in the shear modulus and two relaxation times in 
the bulk modulus. 


RELAXATION TIMES OF THE ELASTIC MODEL 
The equation for the electrical circuit shown in Figure 2b is 
V+rvV = 7:0] 
where 
= RC, 
RC,[1 + (C2/C) |} 


1+ (C:/Ci) (21) 


= 1/(Ci + C2). (5) 


If this model be applied to the bulk modulus &, one can use the equivalences given 
in Table I to replace V by p, and Q by @ to obtain 


p+ rep = + 7,8]. (6) 
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If the stresses and strains have a time periodicity exp (—iw#), this equation 
leads to the following complex bulk modulus 


k= = ROL — iwrs)/(1 — twre). (7) 


Thus one has a complex bulk modulus & which has the real value k at zero fre- 
quency and the real value k™ =(7;/r2)k at very high frequencies. It is evident 
from equation (4) that 7/72>1. 

It will be assumed that the shear modulus can be represented by the circuit 
in Figure 2a with different values for the parameters. Hence, one may write, for 
periodic stresses and strains, 


Py = = 2wg(w) Ei; (8) 
where 
g(w) = (1 — — iwr,). (9) 


Here » is the shear modulus at zero frequency, and P;; and E,; are the devia- 
toric stress and strain tensors, respectively. The value of the shear modulus at 
very high frequencies is wu =(73/74)u where (73/74) > 1. 


A CANONICAL FORM OF THE WAVE EQUATION 


All of the essential features of attenuation can be illustrated by considering 
a plane wave exp (iax—iwt) where a=a(w) =a2+ia. The real part, a, is called 
the phase function and is related to the phase velocity by a2=w/V,,4. The imagi- 
nary part, a, is called the attenuation and is actually the attenuation in nepers 
per unit distance. 

No matter what form of loss mechanism is postulated, each elastic modulus 
wand k, can be described by a complex value for a given frequency, as done above 
in equations (7) and (8). When these complex values are substituted into the 
wave equation for a plane longitudinal wave, one obtains 


— iB(w) Ja? = w?. (10) 
Similarly the wave equation for a plane rotational wave is 
Vs [A(w)* — iB(w)*]a** = w?. (11) 


The asterisk is used to indicate that the corresponding quantity refers to the 
rotational wave and not to denote complex conjugate. 

The definitions of the functions A(w), B(w), etc., are given in Table II for 
various models of the loss mechanisms. It will be noted that the following general- 
ization holds in each case except that of rotational waves in a Maxwell liquid. 
As w 0, A(w)—1 and B(w)—0. Thus Vp and Vs are the phase velocities of 
waves with vanishing frequency. As w increases, A(w) increases monotonically 
from unity and slowly approaches a limit as w>. This limit is finite in every 
case except the Kelvin solid. On the other hand, in every case except the Kelvin 
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solid B(w) approaches zero as w—>0 or © and has one or more maxima, depend- 
ing on the number of relaxation times. In the cases of geophysical interest that 
have been encountered so far B(w)<1 so that the ratio B/A is much less than 
unity at all frequencies. 

In view of the identity in form of equations (10) and (11) it is sufficient to 
discuss the solution of the former. Stratton (1941) shows that the solution is 


w 5 1 (12 
, 


VpOL2A 


where 
x = (B/A)?. (14) 


For purposes of plotting it is better to use the following dimensionless forms (with 
wr, as the abscissa) 


pOr, = wry (15) 


Vpnase/V w/a2V Vv Afe(x) (16) 


[Vitx-1] 17 
+ 2% (17) 


f(x) = 214+ x)[V14+ 24 (18) 
Figures 3 and 4 show plots of fi(x) and fe(x) over a wide range of x. It is 
seen that fi(x) = and f2(x)=1 for (B/A)?<0.01 or (B/A) <0.1. 
THE EXPERIMENTAL ATTENUATION DATA FOR THE PIERRE SHALE 
The recent article by McDonal (1958) gives the attenuation of rotational 
waves in the Pierre Shale of Colorado over the frequency range 25 to 125 cps. 
The last column of Table II shows that the propagation of shear waves is gov- 
erned by equation (11) with 
A(w)* = 1+ QF (wrt) (19) 
B(w)* = QG(wrs) (20) 
Q = (173 — 14)/t4. (21) 
The functions F and G are defined by 
F(x) = x7/(1+ x7), and G(x) = + 


4 
where 
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Fic. 3. A plot of fi(x) versus x. 


Fic. 4. A plot of f2(x) versus x. 
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The choice of 74 determines the frequency band over which the attenuation a* 
is approximately linear while the choice of Q determines the slope of the attenua- 
tion curve versus frequency. Once 74 and Q are determined, one can compute 73. 
By trial and error the following constants have been found to give the best fit. 
Q=0.25, 74=1.45 milliseconds, and, consequently, 73=1.81 milliseconds. The 
quality of the fit is shown in Figure 5 in which a;* is compared with the experi- 
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Fic. 5. The attenuation a;* of transverse waves versus frequency. The solid curve is theory; the circles 
are McDonal’s (1958) experimental data. 


mental data of McDonal ef al. (1958, Figure 12). The effect of the parameters is 
fairly sensitive since a change of 5 percent in the values of Q or 74 will give notice- 
ably poorer agreement between the experimental data and the theoretical curve. 

Now that two of the relaxation times have been determined from the attenu- 
ation of the rotational waves, one can use the attenuation of the longitudinal 
waves to determine the other relaxation times. The last column of Table II shows 
that for longitudinal waves 


A(w) 1+ PF (wre) + P’F(wrs) (22) 
B(w) = PG(wr2) + P’G(wrs4) (23) 
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Pa — 
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Pp’ 4 | 
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(25) 


The constant P’ is determined uniquely from the values of Vp and Vs 
and the relaxation times 73 and 74. The values Vp‘ =7,100 ft/sec and Vs = 
2,680 ft/sec found by McDonal and the values of 73 and 74 given above yield 
P’=0.047. By trial and error computation the values P=0.065 and 72=0.145 
milliseconds were found. These values lead in turn to a value of 7;=0.157 milli- 


seconds. 
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Fic. 6. The attenuation a of longitudinal waves versus frequency. The solid curve is theory; the 


circles are McDonal’s (1958) experimental data. 
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Fic. 7. Curves to show the effect of the ratio 74/72 on the attenuation a of longitudinal waves. In 
each case P’=0.047. P is chosen so that the values of a, are the same at wry=4. 


The extent of the agreement between the experimental values and the theo- 
retical calculations is shown in Figure 6. 

The function A(w) defined in equation (22) may have two separate maxima 
at w=1/r2 and 1/74. The ratio 74/72 determines the separation of these maxima 
and the frequency range over which the attenuation a approximates a linear 
function of frequency. The effect of changes in the ratio 74/72 is shown in Figure 
7. In these curves the value P’ was held fixed but P was varied so that a had the 
same value for wr4z=4. The larger the ratio 74/72 the larger the frequency range 
over which a, approximates a linear frequency dependence but the greater the 
oscillations. 


THE DEPENDENCE OF PHASE VELOCITY ON FREQUENCY 


The phase velocity of rotational and longitudinal waves can be computed as 
a function of frequency from the formulas given in Table II. Although there are 
no experimental data with which to compare the results, it is of interest to deter- 
mine the amount of variation required by the attenuation data. Figure 8 shows 
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Fic. 8. The dependence of the phase velocities on the frequency. 
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graphs of Vs/Vs and Vp/Vp versus frequency in cps based on the parameters 
and relaxation times given above. The variation of the phase velocity of the 
longitudinal waves is only 5.5 percent. The rotational wave shows a variation 
of 12 percent, most of which is concentrated in the critical frequency range of 
25 to 400 cps. Measurements of velocities in the kilocycle region will offer an 
interesting extension of the analysis given in this paper. 


SUMMARY 


The analysis given in this paper offers good evidence that volume viscosity 
plays a significant role in the attenuation of longitudinal waves in the Pierre 
Shale. Presumably this type of loss occurs in all clastic formations. The loss 
mechanisms introduced in this paper provided four relaxation time constants 
that can be adjusted to fit the observed attenuation data. These relaxation times 
can be chosen so that the theoretical curves agree quite well with the experimen- 
tal data. The only question left is: How reliable are the theoretical curves outside 
the frequency range of the experimental data? The answer is that one has no 
guarantee of the number and kinds of relaxation processes that occur until meas- 
urements are carried out over an extended frequency range. 

When the experimental data are extended to higher and lower frequencies, 
the new data can undoubtedly be fitted by adding more elements to the canonical 
circuits representing the loss mechanisms. The virtue of using the canonical 
form of the network is that each resonant circuit acts more or less independently 
of the others so that the relaxation times found in this paper will be subject to 
only minor changes in the fitting of the extended frequency data. 
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SEISMIC RECIPROCITY* 


LEON KNOPOFFT anp ANTHONY F. GANGIT 


ABSTRACT 


The reciprocity relationship describing the relations among the fields resulting from the inter- 
change of point sources and receivers may be extended to the seismic case. Seismic reciprocity can 
be described either in terms of the scalar product of the vectors representing the excitation of the 
source and the field at the receiver, or in terms of a Green’s tensor describing these two quantities. 
Theoretical reciprocity relations give no information concerning reciprocity in the cases for which the 
scalar product vanishes. A simple experiment in the vector case demonstrates that reciprocity is not 
obtained when the scalar product of the two vectors vanishes. 


INTRODUCTION 


Reciprocity relations are found in many disciplines of physics. These usually 
describe relationships among potentials satisfying either Laplace’s equation or 
the ordinary wave equation. These reciprocity relations usually state that, if for 
fixed geometry of obstacles and other bodies in the vicinity of sources and re- 
ceivers, a source is placed at some point P and the potentials are observed at 
some point Q, then the same potentials will be observed at P if the source is 
placed at Q. 

These relations are usually derived on the basis of Green’s theorem for a 
particular kind of potential function. Familiar examples are Green’s reciprocity 
theorem for scalar potentials satisfying Laplace’s equation (Smythe, 1950, p. 
34-54), the Helmholtz reciprocal relationship for harmonic scalar potentials 
satisfying the wave equation (Rayleigh, 1945, p. 145) and the Lorentz symmetry 
relation for electromagnetic waves from two sources (Stratton, 1941, p. 479). 

In all the above cases the reciprocity relations are applicable only to scalar 
problems. Consider, for example, the case of an electrostatic point charge at a 
point P in the vicinity of an infinite conducting sheet. The potential at Q is the 
same as that at P were the charge at Q. However the electric fields in the two 
cases are not the same. The reason for this is obvious; it is the electric potential 
which satisfied Laplace’s equation and not the electric field. In turn, Green’s 
theorem for this case depends upon the application of Laplace’s equation. 

Reciprocity relations have also been given for vector fields. Examples are to 
be found for the cases of the electromagnetic field (Bateman, 1944, p. 201), static 
elasticity (Love, 1944, p. 173) and also for more general vector fields (Courant 
and Hilbert, 1953, p. 394; Morse and Feshbach, 1953, p. 882). 

It is the purpose of this paper to review the mathematical theorems of reci- 
procity and apply them to the problems of seismic theory. 


* This research supported by the American Petroleum Institute. Publication No. 118, Institute 
of Geophysics, University of California. Manuscript received by the Editor February 16, 1959. 
t Institute of Geophysics, University of California, Los Angeles. 
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RECIPROCITY RELATIONS 
The usual derivation of vector reciprocity depends upon the demonstration 
that the differential equations describing the field are self-adjoint. If the differ- 
ential equations be written as 


=fi (1) 


where u is the dependent variable, £ is a linear self-adjoint operator and f is the 
inhomogeneous term, then it is not difficult to show, under the assumption of 
homogeneous boundary conditions, that 


u(P, = ui(Q, P)F(Q) (2) 


where u(P, Q) represents the value of u at P due to a point source of f(Q) at Q. 
In Appendix I, the derivation of equation (2) is carried out. Introducing the 
Green’s tensor 


ui(P, Q) = Gis(P, Q)Fi(Q) (3) 
and substituting into equation (2) , we have 
Gi(P, Q) = G;i(Q, P). (4) 


This statement of the reciprocity relation is equivalent to that of equation (2). 
We consider the case of the elastic wave equation, 


743,3(R, P) — p(R)uiu(R, P) = f(P), (5) 


where r is the stress tensor, u is the displacement of a particle, f is the body force 
vector per unit volume and p is the density. Indices following commas indicate 
differentiation with respect to these coordinates. The stress tensor may be written 
in terms of the displacement as 


P) = Cii(R){ ma(R, P) + P)} (6) 


where the tensor quantities C are the elastic moduli. If we assume the forces at 
P and Q to have the same time dependence, then a linear time transform of (5) 
can be written as 


— = fi (7) 
where the barred quantities are the transforms of the corresponding unbarred 


quantities. Because of the symmetry among the components of C, even in the 
most anisotropic case (Sokolnikoff, 1956, p. 63), 


Cg = Cy = Cr = Cu = Cn = Cu = Cu = Cou (8) 


equation (2) can be shown to be satisfied. Hence the reciprocity relations (2) 
and (4) hold for elastodynamics for a medium having arbitrary inhomogeneity 
and anisotropy, if the time dependences of f(P) and f(Q) are identical. 
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EXAMPLES OF SEISMIC RECIPROCITY 


The great advantage of reciprocity theorems is their generality. The theorem 
given above applies to an elastic medium having arbitrary boundaries, arbitrary 
inhomogeneity, and arbitrary anisotropy. A few examples will illustrate the con- 
ditions under which reciprocity holds. 


Case I. 


Let a point source of force be applied at P, directed in the x-direction and let 
the x-component of the motion be measured at Q. If an identical point source of 
force is applied at Q also directed along x, then the x-component of motion at P 
is identical to that measured at Q in the first case. Stated mathematically, 


G.(P, Q) = Gzz(Q, P) 


ux(P, Q)f(P) = ux(Q, P)fz(Q). 


A simple laboratory experiment has been performed to demonstrate reci- 
procity in this case. Consider the problem of an elastic half-space upon which a 
source transducer is placed exerting a normal force and upon which a receiver is 
placed so that the normal component of motion is detected. An obstacle is placed 
on the path between the two transducers. Elementary considerations will show 
that the interchange of source and receiver is equivalent to keeping the source 
and receiver fixed and moving the obstacle to the image point. 

Upon the polished plane surface of a large granite block, two identical lithium 
sulfate transducers were placed 13.5 cm apart; one transducer acted as source, 
the other acted as receiver. The circuitry was that of standard modeling practice 
used to excite stress pulses of short duration in solids. A normal stress was ob- 
tained at the source; the normal component of the motion was observed at the 
detector. A 2.5 cm diameter by 2.5 cm high cylindrical brass block was placed on 
the line between the two transducers and coupled to the granite surface through 
a thin film of lubricant. The lubricant coupling is present for ease in moving the 
obstacle. The lubricant prevents shear stresses and tangential motions from being 
transmitted across the boundary between the granite and the brass. The reci- 
procity theorem should hold for any obstacle independent of the method of its 
coupling. 

Figure 1 shows the photographic record obtained for the motion at the receiver 
for a number of positions of the brass obstacle on the path between the two 
transducers. The traces at the top and bottom of the record are 250 kc sine wave 
signals used to calibrate the time base of the remaining traces. The second trace 
of the record is the motion without the obstacle and the remaining traces are 
the total motion, including the scattered motion at the receiver, as a function 
of the position of the cylinder. The coordinates indicated are the distances of the 
center of the obstacle from the midpoint between the two transducers; the obsta- 
cle was moved in one-half cm steps from receiver to transmitter. 
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Fic. 1. Scattering from a brass obstacle between vertically directed lithium sulfate transducers, 
located on the plane surface of a large homogeneous granite block. 
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The complex pattern at the left of each record is a time mark to indicate the 
time at which the pulse originated at the source transducer. At about the center 
of each trace, the first event appears, identifiable as a compression (P) wave 
from the source. The large signal at the extreme right of the trace, extending off 
the oscilloscope screen is the Rayleigh (R) wave. The quiet trace between the 
events P and R in the case of the motion without the obstacle, testifies to the 
quality of the excitation of the model by a stress pulse of short duration with 
negligible reverberation following the initial pulse. Some of the scattered motions 
in the presence of the obstacle are found between the P and R events. The reci- 
procity in the records between obstacle positions having the same positive and 
negative coordinates can be seen. 

The significant events in Lamb’s problem without any obstacle are the P and 
R events; this is evident both from theory (Lamb, 1904) and from the first trace 
of the motion in Figure 1. A weak S arrival is predicted but we concern ourselves 
in this discussion with the two prominent arrivals, P and R. If the obstacle acts 
as a virtual source then each of the two incident waves should excite the obstacle 
again as a virtual source of both P and R. Thus the scattered waves PP, PR, RP 
and RR should be observed, where the first symbol refers to the incident wave 
and the second to the emergent wave. The events PP and RR arrive at the same 
time as the direct waves P and R from the source respectively. From Figure 1, 
the amount of PP scattering is small. The oscillatory record between the P and 
R events are the RP and PR scattered motions. Since the velocity of P waves is 
greater than that of R waves, it is evident that for stations closer to the receiver 
than the transmitter, the PR event precedes the RP event while at the cor- 
responding stations closer to the transmitter, the order of these events in time 
is interchanged. A direct investigation of Figure 1 shows that the RP scattering 
at an obstacle location is the same as the PR scattering at the image location. This 
is a direct consequence of the reciprocity theorem of equation (4). 

A second experiment, similar to the above, shows reciprocity again but shows 
the RP and PR wavelets more clearly. Upon the edge of a large sheet of alumi- 
num, 1.82 mm thick, source and receiving barium titanite transducers were nor- 
mally directed as before. The transducer spacing in this case was 50 cm. A 
cylindrical brass obstacle 0.35 cm diameter by 1.25 cm high was moved in four 
cm steps along the edge from source to receiver as before. The RP-PR reciprocity 
is again clearly observed in the record of Figure 2. Because of the increased 
transducer spacing the PR and RP events are clearly separated. Reverberation 
in the obstacle can be identified in terms of the extended “tail” of the RP and 
PR events. 


Case IT 


In a second example let a point source of force be applied at P directed in the 
x-direction and let the y-component of the motion be measured at Q, x at right 
angles to y. If an identical point source of force be applied at Q directed along y, 
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NO OBSTACLE 


Fic. 2. Scattering from a brass obstacle between vertically directed BaTiO; transducers, located 
on the straight edge of a large aluminum sheet. 
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then the x-component of the motion at P is identical with the y-component at Q 
in the original orientation: 


G,(P, Q) G,2(Q, P) 
us(P, Q)f(P) = m(Q, P)f,(Q) 


An experimental verification of this type of reciprocity is given in Figure 3. 
In the same thin sheet of aluminum as above, a small rectangular hole was cut 
near the surface and the source transducer mounted to exert a horizontal force 
upon the sheet. The receiving transducer was placed 50 cm away and mounted 
to detect the normal component of the motion. An oil coupled cylindrical steel 
obstacle 0.40 cm diameter by 1.25 cm high was moved along the edge from re- 
ceiver to transmitter as before in five cm steps. The observed motions are given 
in Figure 3a. The transducers were now interchanged so that the receiving trans- 
ducer was located in the hole and detected the horizontal component of motion 
while the source was located at the former receiver site and exerted a vertical 
force. The observed motions for this case are given in Figure 3b. The signal in the 
two runs for image positions of obstacle are identical. 


NON-RECIPROCAL CONFIGURATIONS 


It will be noted that certain configurations of sources and receivers have a 
relationship that is undetermined from the reciprocity relations. We consider the 


case of a point source of force applied at P directed along x, and a receiver at Q 
that measures the y-component of motion, and perform the interchange without 
changing the orientation of the transducers. In the new configuration the source 
is at Q, still directed along x and the receiver is at P and still measures the 
y-component of the motion. 

We can make no statement about the reciprocity since the scalar products 
of the vectors in equation (2) vanish. Similarly we seek a relationship between 
the Green’s tensor terms G,,(P, Q) and G,.(Q, P) but our reciprocity theorem 
[equation (4)] makes no positive statement about the relation between these 
terms. Two examples serve to determine this relationship for seismology. 


Case I. Lamb’s Problem 


In the case of a vertical (z) point source exciting motion as in Lamb’s prob- 
lem, the horizontal x-component of the motion at some point removed from the 
source has the following reciprocal relationship in cartesian coordinates 


G..(P, Q) G:.(Q, P). 
We also note that in cylindrical coordinates (z, r) 
G,.(P, Q) G,.(Q, P). 


Thus in this case a type of reciprocity relationship exists. 
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Case II 

However the relationship given above for Lamb’s problem is not general. 
Consider the case of the notched aluminum sheet of Case II of the preceding 
section with a vertical source, a horizontal receiver and an obstacle between them 
on the edge. As before, interchanging source and receiver while keeping their 
spatial orientations unchanged is equivalent to moving the obstacle to the image 
point. The comparison of the traces for the obstacle at two image points com- 
pares the quantities G,,(P, Q) and —G,,(Q, P). This record is precisely that of 
Figure 3a. The traces at these image points are not identical: for example the 
PR event at one obstacle station is not the same as the RP event at the image 
station for the obstacle. Hence we may write 


Gz.(P, Q) Gz.(Q, P). 


SUMMARY 


Reciprocity relations are of value to the seismologist. Under appropriate 
orientations of sources and receivers some proposed experimental measurements 
or calculations may be duplicates of other measurements or calculations and 
hence only one set need be taken. In the most general case of arbitrary inhomo- 
geneity, anisotropy, and boundaries, the reciprocity relations are 


Gis(P, Q) = Gi(Q, P) 
and we note that 
Gi(P,Q) ¥Gi(Q,P), 
APPENDIX I 
We take the time transform of the field equations (1) and write 
P)} = fi(P) (Al) 


where u;(R; P) represents the vector u; at R due to a point source f(P) at P. 
The barred quantities are linear time transforms of the variables, taken by some 
procedure such as, for example, the Laplace or Fourier transforms. We form the 
difference of the products 
4,(R; Q)£:;[a,(R; P)] — a(R; Q)] 

= a(R; Q)f(P) — a(R; P)f(Q). (A2) 
If the left-hand side can be written as the divergence of a vector M;,,(R; Q, P) 
(we use this as the definition of the self-adjoint operator) then we can integrate 


both sides of equation (A1) over a volume V, having a boundary surface S, and 
enclosing the points R, P and Q. We then apply Gauss’s Theorem, obtaining 


f f {a.(R; — a(R; aV (A3) 
8 Vv 
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where the integration over V is taken over the points R 
dV = dxpdyprdzpr. 


If we assume homogeneous boundary conditions on the surface, i.e., 


f Manas = 0 


{a.(R; QAP) — a(R; = 0. (Ad) 


Since we have point sources, that is f,(P) and f,(Q) are zero everywhere except 
at P and Q, the integration of equation (A4) yields 


QA(P) = P)f(Q) (AS) 


which is the reciprocity relation (2) of the text. Since equation (A5) holds for 
the equality of the time transforms f,(P) and /;(Q), it follows that reciprocity 
in the time domain holds if the time dependences of /;(P) and f,(Q) are the same. 

In order to demonstrate that the elastodynamic case is included in the above 
reciprocity theorem, we note that the concomitant vector M; is 


P,Q) = Q)7(R; P) — a(R; P)Fj(R; Q) (A6) 


where the operator £4; is given by equation (7). The divergence of the con- 
comitant vector M; is the desired value 


= a(R; O)f(R; P) — a(R; P)f(R; Q) (A7) 
by virtue of differentiating equation (A6) and making use of the identity 
Q)7ii(R; P) = P)rii(R; Q) (A8) 


where we have used Hooke’s Law, equation (6), and the symmetry conditions 
of equation (8). 
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PHOTOMECHANICAL METHOD OF FREQUENCY ANALYSIS 
OF SEISMIC PULSES* 


B. F. HOWELL, Jr.,f A. B. ANDREWS,{ anp R. E. HUBER§ 


ABSTRACT 


The harmonic analysis of a seismic pulse performed by a photomechanical wave analyzer is 
analytically related to the Fourier integral analysis of this aperiodic pulse. The calculated integral 
spectra of three simple analytical pulses are compared to the spectra obtained from this wave analyzer. 
= integral analyses of two seismic pulses are compared to the harmonics obtained through numerical 
analysis. 

The frequency range of the integral analysis which can be performed by this aaalyzer is from 5 
to 300 cps. Integral analyses of recorded seismic pulses up to 6 inches long (0.10 sec) and with peak 
amplitudes up to 0.69 of an inch can be performed by this analyzer. From an evaluation of the 
equipment and operational errors involved in the measurements, the integral approximations obtained 
from the analyzer are estimated to be accurate on the average to within one db in the frequency range 
of 5 to 100 cps. For frequencies greater than 100 cps this accuracy will decrease. This is as great an 
accuracy as is usually obtained by numerical analysis. 


THEORY 


In comparing seismic pulses recorded under different conditions, from dif- 
ferent sources, or by different recorders, it is necessary to have a uniform method 
of describing each pulse. Without some degree of uniformity it would be impossi- 


ble to relate the results of various investigators. Most seismic recorders make a 
record of some function of ground motion (displacement, velocity or acceleration) 
against time. Such a description is reasonably complete, but is too complex to 
discuss in simple terms. It is more common to describe pulses in terms of their 
relative arrival times, duration, direction of particle motion, peak amplitudes, 
and the predominant “frequency” of the motion. It is this last property, fre- 
quency, which is the principal concern of this paper. 

Strictly speaking, a transient pulse does not have the property of frequency, 
which implies repetition. It does not repeat itself. Frequency is a measuring 
device through which we regard a pulse to help in describing it; and the ‘‘fre- 
quency” of a transient pulse depends not only on the pulse but on the measuring 
system used. When one says that a pulse has a given frequency spectrum, what 
is meant is that within the time interval being considered the pulse resembles a 
repetitive pulse having this frequency spectrum. 

This can be more clearly understood if one examines one of the processes by 
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which frequency is commonly described, Fourier harmonic analysis.' Within 
certain limitations, most transient pulses encountered in practice can be described 
by an equation of the form 


o(t) = Ao + DS An cos (wnt + On) (1) 

n=1 
where Ao, A, and 8, are constants, w,=22n/T, and T is the length of the interval 
being considered. A, is called the amplitude of the component of frequency n/T. 
Selected values of A, can be found by measuring the amplitude ¢(¢) of the 


Fic. 1. Two pulses whose Fourier harmonic analyses are identical using the ten-ordinate method. 


pulse at a number of times /, substituting these amplitudes and times into (1) 
and solving the resulting simultaneous equations. Standardized methods for 
carrying out such calculations are well known (see e.g. Scarborough 1930). A 
number of harmonics equal to half the number of points measured less one are 
calculated. The values of A, and 6, thus obtained describe a transient (Figure 1). 
The pulse can be approximated to any degree of closeness desired by measuring 
sufficiently many points. However, the method will not distinguish with only 11 
measurements between two pulses such as the dashed and solid curves of Figure 1. 
Furthermore, if some other number of measurements are made, such as 9 or 13, 
a different spectrum will generally be obtained, as the points on the pulse which 
are fitted will be different. If the duration T of the pulse is changed to include 
more or less of the quiet interval before or after the pulse, even the frequencies 
constituting the spectrum will be changed. Equation 1 defines a pulse which re- 
peats itself outside the interval being considered. It is only inside this interval 
that it describes the pulse. 

However, any transient or aperiodic function, ¢,(/), exhibiting a finite number 
of discontinuities, maxima and minima in any finite interval, and whose absolute 
value integrated from minus infinity to plus infinity is finite, can be represented 
by a Fourier integral expansion: 


1 For a more complete mathematical treatment of frequency analysis see any standard text on 
the subject, e.g. Goldman (1948) or Scarborough (1930). 
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1 
= f F(w)a cos [wl + 0(w) |dw 


where 


F(w), = cos wi | + [ fe sin | (3) 


T¢ 
g(t) sin 
0 


— tan = — (4) 


ga(t) cos widt 
0 
and w=2rn/, and (0, Ty) is the finite interval in which ¢,(¢) exists. In the above 
expressions the subscript ‘“‘a’’ refers to aperiodic conditions. In equation 2, F(w)a, 
is a continuous spectrum. 

If an aperiodic pulse, ¢,(¢), which is zero outside of a finite interval r, is re- 
peated with an impressed fundamental period 7, greater than 7, there will result 
a function which exhibits properties of both a periodic and an aperiodic function. 
The aperiodic pulse is here assumed to exist only in the interval (0, T,) which is 
equivalent to assuming that T, equals Ty. Under these assumptions the integral 
and harmonic analyses of this aperiodic pulse are related. The harmonic coef- 
ficients are 


A, = = cos | + sin wuld (5) 


The integral analysis of this pulse is given by equation 3 substituting T, for Ty. 
For those discrete frequencies of F(w), identical to the harmonics of A,, or for 
those frequencies /,=n/T, equation 5 is related to the integral transform of this 
aperiodic pulse by the expression 


Flule = TyAa. (6) 


In practice, points on the Fourier integral spectrum are found by performing 
corresponding harmonic analyses. Any number of points can be obtained by per- 
forming sufficiently many and sufficiently thorough harmonic analyses. 


APPARATUS 


Numerical analysis is tedious. For that reason it is desirable to perform as 
many as possible of the operations by machine methods. A device for photo- 
mechanical harmonic analysis is shown in Figure 2. The pulse to be analyzed is 
traced onto a 1.38 inch wide strip of Mylar tape using a Leroy lettering pen filled 
with black paint. The pulse is extended as a straight line to a distance such that 
the pulse plus extension corresponds to the fundamental period 7, desired. The 
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whole trace is copied a second or additional times to make a total tape length of 
18 to 27 inches. The area of the tape to one side of the traced line is painted black. 

After the paint is dry, each tape is cleaned with turpentine and then spliced 
into a loop form. Mylar splicing tape is used for this purpose. It is placed on the 
non-painted side of the tape, since under tension better bonding can be had be- 
tween two Mylar surfaces than between a Mylar surface and the paint. Tape 
splicing is a critical operation and considerable care has to be exercised. 

The transient pulse is transformed into an electrical signal by drawing the 


Fic. 2. The photomechanical wave analyzer. 


tape past a 0.01 inch slit through which light shines on a Continental Electric 
Company CE-31V phototube. The half-blacked out tape causes the illuminated 
area of the tube to vary, producing a corresponding fluctuation in the phototube 
output. A capstan drive assembly is mounted on a movable base so that a range of 
tape lengths can be used. The capstan has a twelve inch circumference and is 
driven by a synchronous gear motor with an angular speed of 300 rpm, resulting 
in a tape speed of 60 inches per second. Since the bulk of the seismic pulses 
studied were recorded at about 15 inches per second, the analysis of these pulses 
will be run at about four times the original recording speed, and the observed fre- 
quency will be four times the actual frequency. 

The phototube output is fed to‘a General Radio Type 736-A wave analyzer. 
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This is a heterodyne type of vacuum-tube voltmeter with a highly selective filter 
so that only voltages over a four cps band width are measured at any one setting. 
For pulses played back at four times the original recording speed, an equivalent 
band width of one cps of the pulse is being analyzed. The frequency range of this 
wave analyzer is from approximately 10 to 16,500 cps, and the amplitude range 
is from 30 microvolts to 300 volts. Care must be taken to use only pulse lengths 
of less than 15 inches on the tape, otherwise the individual harmonics will be so 
close together that they are not separable with the wave analyzer. The effect of 
having harmonics too closely spaced is to provide spurious peaks representing 
the sum of two harmonics in the pass-band of the wave analyzer simultaneously. 

The frequency of any harmonic is known from the tape speed and the length 
of the impressed fundamental. The amplitude of any harmonic was determined 
from the wave analyzer by turning the fine tuning dial through this frequency 
while noting the output meter of the wave analyzer. As the fine tuning dial 
moved through the harmonic the output meter maximized. The tuning dial was 
then moved back until this peak value was maintained on the meter. In this 
way relative amplitudes were obtained for each harmonic. 


EXPERIMENTAL DATA 


To demonstrate the significance of frequency spectra obtained from this type 
of analysis, three simple functions and two actual seismic pulses will be discussed. 
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The three simple pulses treated are a rectangular pulse ¢,(¢), three cycles of a 
sine wave ¢2(/), and a damped sine wave pulse ¢;(/) that attenuates to a small 
value in the interval considered. The graphical and analytical form of these 
simple pulses can be seen in Figure 3. 

For each pulse six tape-loops were made with each loop containing a different 
impressed period. In the case of the rectangular pulse, the six tapes respectively 
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Fic. 4. Comparison of analyzer harmonic analysis with calculated transform 
of a rectangular pulse. 


contained impressed periods of 4, 4.4, 4.8, 5.2, 5.6 and 6 times the duration of the 
rectangular pulse, which was 0.025 sec. For the sine wave pulse and damped sine 
wave pulse the impressed periods were 2, 2.2, 2.4, 2.6, 2.8 and 3 times the duration 
of the pulse which was 0.060 sec for $2(¢) and 0.050 sec for $3(t). 

Successive tapes for each of the three pulses were analyzed from approxi- 
mately 10 to 100 cps. The observed data were corrected for non-linear frequency 
response of the General Radio analyzer at low frequencies. The observed values 
also were multiplied by an appropriate correction factor to eliminate the effect 
of the varying length of the quiet interval following the pulse. (The shorter the 
impressed period, the stronger is the total signal for a given pulse.) 

Finally, the Fourier transform was calculated for each pulse assuming that the 
function was zero outside of the interval (0, 7,). For expressing these calculations 
in db form, an arbitrary reference was assumed. The corrected data were plotted 
superimposed on the calculated Fourier transform (Figures 4, 5, 6). Since an 
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absolute analyzer calibration is unavailable, no absolute comparison is possible 
between the amplitudes of the observed and calculated data. A visual fit of the 
observed data to the transform has been made at the frequency of maximum 


amplitude. 
The two seismic pulses (Figure 7) were analyzed in the same manner as the 


previously discussed pulses. The numerical method used was the 24-ordinate tech- 
nique discussed by Scarborough (1930). For the numerical analysis in each case 
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lic. 5. Comparison of analyzer harmonic analysis with calculated transform 
of a sine wave pulse. 


the fundamental period was chosen identical to the length of the seismic pulse 
under analysis, which is equivalent to letting T,=7 of ¢.(¢) with the analyzer. 
For the pulse ¢4(#) an additional analysis was made using a fundamental period 
of 6 inches (0.10 sec), which is identical to the analysis interval of the tape run 
on the analyzer. Figures 8 and 9 show the corrected analyzer data along with 
the various calculated line spectra for these two seismic pulses. 


COMPARISON OF MACHINE AND MATHEMATICAL ANALYSIS 


Previous theory has shown that the analyzer should give discrete frequencies 
on the continuous integral spectrum, but inspection of the analyses of the five 
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Fic. 6. Comparison of analyzer harmonic analysis with calculated transform of 


a damped sine wave. 


ANALYSIS 4 
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Pulse Length 
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Pulse Interval 


R-42 

27 November 1955 
163.4 ft. 
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0.140 to 0.190 sec. 
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Fic. 7. The seismic pulses analyzed. 
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. 8. Comparison of analyzer harmonic analysis with calculated harmonics 
of the seismic pulse, ¢,(). 
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Fic. 9. Comparison of analyzer harmonic analysis with calculated harmonics 
of the seismic pulse, ¢s(#). 
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pulses shows that perfect agreement was not achieved. Especially apparent in 
the analysis of the simple pulses was a tendency for the analyzer to give lower 
readings compared to the calculated integral spectra as the frequency is increased 
(Figures 4, 5, 6). 

Much of this distortion is believed to be due to the finite slit-width of the 
analyzer. Since the width of the slit is finite, a narrow segment of the curve is 
sampled at any particular time (Figure 10). Where the segment of the pulse in 
front of the slit is concave upwards less light falls on the phototube than should 
to represent properly the midpoint of the pulse. On the other hand, where the 
segment of the pulse in front of the slit is convex upwards more light falls on the 
phototube than should to represent properly the midpoint of the pulse. At points 
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Fic. 10. Example of various curvatures in the finite slit of the analyzer. 
A—midpoint of the slit 
B—tangent line to the curve at the mid point 
C— instantaneous portion of the curve in the slit 
D—area erroneously analyzed 

Actual width of the slit is 0.01 inch. 


of maximum curvature of the pulse (usually peaks and troughs) the pulse shape 
as seen by the analyzer will be furthest from the actual pulse shape. Thus, the 
analyzer tends to round off the peaks and troughs with the amount of this round- 
off as a function of the curvature of the pulse. Therefore, high frequencies will be 
rounded off more than low frequencies, resulting in a systematic tendency to ob- 
serve less energy than is actually contained in the pulse at the higher harmonics. 

Generally the greatest scatter was exhibited by the tapes which had the long- 
est impressed periods. The longer tapes require greater tension on the capstan 
drive assembly to prevent slipping. This results in greater friction between the 
capstan plus guide rollers and the tape. Thus, there is a greater tendency for the 
tape to pick up dirt from these parts, which reduces the transparency of the tape 
with time. This, in turn, reduces the output of the analyzer. 
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Inspection of the spectra for the seismic pulses (Figures 8, 9) reveals consider- 
able difference between the analyzer data and all calculated harmonics. To in- 
vestigate the cause of these discrepancies the Fourier harmonic calculations for 
analyses four and five were repeated using a new set of readings of ordinate values 
obtained from the seismic pulses. The ordinate values generally can not be read 
closer than one part in a hundred (or +0.01 inch), and for those ordinate values 
in regions of maximum slope this read-off accuracy is reduced to about five parts 
in a hundred. The reason for this is that, as the slope of the seismic pulse increases, 
the pulse approaches tangentially to an ordinate value and the ordinate no longer 


TABLE I 
REPRODUCIBILITY OF DATA 


Difference of relative amplitude values for reruns of analyzer and calculated harmonics (Analy- 
sis 4). 


Frequency Analyzer Calculated 


0.2 db 
0.3 


0 
0. 
0. 
it. 
2 
0. 


| WR Ow 


* Meter needle unsteady 


intersects the seismic pulse at a distinctly recognizable point but in a region. 
Therefore, one would expect greater error to be introduced in reading off ordinate 
values in these regions. The slopes of ¢4(#) are greater than those of ¢;(¢) and a 
greater difference was observed between the two sets of ordinate values for 
analysis four than for analysis five. This difference, in turn, is reflected in a 
greater discrepancy between the amplitudes of the high harmonics for the original. 
and recalculations of analysis four than for the corresponding situation in analysis 
five. Quantitatively, this can be seen by comparing these differences for analysis 
four as contained in Figure 8 with the corresponding difference in Figure 9. 

Similarly, to test analyzer repeatability a new tape was constructed and run 
for analysis four. Table I shows the decibel differences of the initial and re- 
calculated harmonics as compared to the differences for the frequencies of the 
analyzer run and re-run. Below 43 cps, where good correlation exists between 
the calculated harmonics and the analyzer data, low differences were found for 
both sets of data. For those harmonics for which poor correlation exists, lower 
reproducibility (as indicated by large difference values) was found. 

For the previously discussed calculations the length of the analysis interval 


7.7 cps 0.1 db 
15.4 0.1 
23.1 0.3 
30.8 
38.5 
46.2 
53.9 
61.6 
69.3 
77 
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was chosen identical to the length of the pulse under analysis. As the length of 
the analysis interval is reduced approaching the length of the pulse, the approxi- 
mation to an integral analysis becomes poorer. Therefore, the harmonic calcula- 
tions for analysis four were repeated assuming an analysis-interval length of six 
inches (0.10 sec), which is identical to the impressed period of a tape run on the 
analyzer. An examination of these harmonics as contained in Figure 8 shows even 
greater discrepancies than the initial calculations. An explanation for this dif- 
ference may be that with this six-inch fundamental 62.5 percent of the ordinate 
values (or 15 ordinates) fall outside of the length of the pulse and are thus zero. 
This leaves 37.5 percent of the ordinates (or nine ordinates) for calculating the 
harmonic spectrum of the pulse. It appears that nine ordinates are an insufficient 
sample for accurately calculating the harmonic content of the pulse. 

It is concluded that the lack of correlation between the analyzer data and the 
calculated data is primarily due to measuring inaccuracies in the numerical analy- 
sis procedure used. When the analysis interval for the numerical calculations is 
equal to the length of the pulse under investigation it is difficult to read off ac- 
curately ordinate values in regions of steep slope. On the other hand, if the anal- 
sis interval is considerably greater than the length of the pulse under analysis, too 
few non-zero ordinates are available for the calculation. 


SOURCES OF ERROR AND ACCURACY OF THE MEASUREMENTS 


In addition to the sources of error outlined in earlier sections, part of the scat- 
ter contained in the analyzer data can be expected to result from sources of error 
inherent in the equipment and its operation. Due to the absence of a system cali- 
bration, it is impossible to assess the magnitude of the total system error and 
hence determine the absolute accuracy of the analyzer. However, certain real and 
potential sources of error are known and are discussed below. 

The voltage accuracy of the General Radio wave analyzer according to the 
manufacturer’s specifications is within 5 percent or +0.5 db. This inherent source 
of error was minimized for a given pulse by standardizing analysis procedure and 
by performing the various analyses as expeditiously as possible. 

Two potential sources of error result from variations in lamp voltage and in 
B-supply voltage of the phototube. The ac output of the phototube was relatively 
insensitive to B-supply voltage, but a 0.2 volt change in the rated lamp voltage 
(8.5 volts) results in a measured change of 0.5 db in analyzer output. These 
voltages were checked before and after each analysis. Errors due to voltage 
variations are believed to be negligible. 

Operational errors are difficult to assess quantitatively . However, the obser- 
vation was made that for long duration runs on the analyzer the tape picked up 
sufficient powdered aluminum from the capstan drive assembly and guide rollers 
to account for about 0.3 db decrease in the amplitude of a harmonic read near 
the end of an analysis as compared to its value at the start of the analysis. 

A poor loop splice can introduce signals at frequencies corresponding to the 
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total tape length (two or more times the length of the repetition interval) and its 
harmonics. These spurious signals result when the axis of the trace is not parallel 
to the center of the tape, so that its ends do not join evenly, or when the several 
tracings of the pulse are not identical. The result is an oscillation of the output- 
voltmeter needle, making it difficult for the analyst to read the meter closer 
than +0.2 db. 

A source of error unrelated to the analysis itself is introduced if the recording 
speed of the original seismogram from which the tape was made is not constant. 
This results in a shift of some of the energy up or down the frequency spectrum 
proportional to the variation in the original recording speed. Variation in the 
playback speed will have the same effect. A small amount of slippage of the 
film on the capstan can occasionally be observed using a stroboscope. However, 
it is irregular in amount, and believed to contribute only to the small unsteadiness 
of the voltmeter needle on the wave analyzer. 

At very high frequencies problems like the failure of the optical slit to be 
parallel, and variations in sensitivity of the phototube surface probably become 
important. This effect is estimated to be unimportant below 100 cps. It is im- 
portant, however, to shield the phototube from extraneous light sources such as 
sunlight, and to keep the existing light far enough away that the light rays are 
approximately parallel and illuminate the slit evenly. If the light was brought 
much within eight inches of the slit, harmonic distortion was suspected, so the 
light was kept at this distance during all runs. 

An overall estimate of the accuracy of the analyzer approximation to an 
integral analysis can be obtained from the calculated and observed data on the 
three analytical pulses. With these pulses it was possible to calculate what the 
integral spectrum should be. Therefore, any deviation of the observed data from 
the calculated data is a measure of the inaccuracy of the method. Here again, 
the absence of an absolute system calibration prevents this estimate of inaccuracy 
from being absolute. Using the calculated integral spectrum as a standard, the 
magnitude of the scatter of the analyzer data from this standard was measured 
and averaged for the rectangular pulse, sine wave pulse and damped sine wave 
pulse. These average values are based on the assumed fit of the analyzer data to 
the calculated data. If a better fit can be made these averages will be less. The 
result of these measurements are listed below: 

Average Maximum Deviation and Fre- 
Deviation quency at Which It Occurred 
(1) Rectangular Pulse 0.7 db +2.2 db (81.8 cps) 
(2) Sine-Wave Pulse 0.7 db —3.2 db (97.2 cps) 
(3) Damped Sine-Wave Pulse 0.8 db —3.6 db (90.0 cps) 

These measurements did not include, in the case of the rectangular pulse and 
sine-wave pulse, the magnitude of the scatter where the amplitude of the 
theoretical integral curve went to zero. At these frequencies (40 cps and 80 cps 
for the rectangular pulse and 16.7, 33.4, 66.8 and 83.5 cps for the sine wave pulse), 
the analyzer is incapable of presenting an accurate approximation. 
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CONCLUSIONS 


It is concluded that within the frequency range from five to one hundred cps 
the integral approximations obtained from the analyzer are accurate on the aver- 
age to within about one db. At frequencies greater than one hundred cps the 
accuracy will decrease. This is just as great an accuracy as is usually attained 
by numerical analysis, due to expectable inaccuracy in measuring amplitudes on 
the records themselves. 

The purpose of this analyzer is to serve as a tool in studying seismic pulses. 
It provides a useful, reproducible means of describing such pulses. It has been 
used in investigations reported or being reported separately by Howell and 
Mathur (1956) and by Andrews (1957). 
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THE CORRECTION OF SEISMIC TIME MAPS FOR LATERAL 
VARIATION IN VELOCITY BENEATH THE 
LOW VELOCITY LAYER* 


C. H. ACHESONt 


ABSTRACT 

Lateral variation in velocity beneath the low velocity layer often causes time anomalies that 
obscure the true structural picture. A method of correction to a deep datum has been developed to 
minimize the spurious anomalies without affecting those caused by structure. This method makes 
use of the discovery that for any particular well in Western Canada, there exists a simple exponential 
relationship between time and depth so that the results of relatively shallow core hole velocity surveys 
can often be extrapolated to sooihet times to much greater depths. An example is given to show how 
this method was applied successfully to a particular problem area in Western Canada. It has since 
been used in several other places. 


INTRODUCTION 


The basic values in a reflection time map represent echo times from geological 
discontinuities to a horizontal datum level. These are simply the reflection times 
observed at the surface, corrected for elapsed time between surface and datum. 

In the detailed calculation of such corrections, it is usual to assume that 
velocities below the weathered layer are constant. In many areas this assumption 
is roughly correct and produces reasonable time structure maps. Nevertheless, 
subweathering velocities are always variable, and the same method that is suc- 
cessful where the changes can be ignored, fails to correct adequately where varia- 
tion is intense. In some areas, false anomalies several hundred ft in relief have been 
introduced by failure to correct for lateral variation in velocity beneath the low 
velocity layer. 

Several authors have noted the spurious representation of surface topography 
in time maps in hilly country. As the result of investigations, M. B. Widess 
(1946, 1952) concluded that although velocity variation may be partly due to 
overburden effect, in many areas it is probably caused by other factors. More 
recently, Baillie and Rozsa (1955) have proposed an interesting method of cor- 
rection for “load effect” to which they attribute the spurious features of a map 
in Canada. 

Lateral variation is closely associated with vertical variation of velocity. 
From time to time, empirical formulas between velocity and depth have been 
proposed by Banta (1941), Haskell (1941), Stulken (1941), Narvarte (1946), 
Sparkes (1942), West (1950), and others. As the result of an extensive statistical 
study, L. Y. Faust (1951) concluded that velocity in an average section of sand 
and shale is proportional to the sixth root of the product of depth and geologic 
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age. This formula was later modified to include a lithologic factor (Faust, 1953). 
Theory and experiment on the velocity of sound through variously packed 
granular substances have been discussed by lida (1939), Gassman (1951), White 
and Sengbush (1953), and Patterson (1954). Iida’s early conclusion that the 
velocity of sound in simply packed granular substances varies as the sixth root of 
depth, seems to be in general agreement with later investigations. 

In 1952 Imperial Oil Limited investigated a problem area in south central 
Alberta where spurious time anomalies obscure the structural picture. Core hole 
velocity surveys indicated intense lateral variation in velocity below the low 
velocity layer, which corresponds only roughly to surface topography. As will be 
shown, the intensity of velocity variation decreases in such a way, that it can be 
ignored below a certain depth. A method of correction to a deep datum was de- 
veloped, involving considerable extrapolation of the time depth curves of avail- 
able core hole velocity surveys. This was made possible by the discovery that a 
simple exponential relationship exists between time and depth for all core holes 
in the area. Later investigation showed that the same general relationship applies 
to all wells in the Western Canada Basin, hence, the method has widespread ap- 
plication. It is interesting to note that the relationship, obtained independently, 
is similar to formulas published by Faust. 


INVESTIGATION OF A PROBLEM AREA IN SOUTH CENTRAL ALBERTA 


In 1952 a reflection survey carried out in south central Alberta could not be 
reconciled with geology. A well drilled at A, to test the seismic high, shown in 
the time map in Figure 1, encountered formation tops several hundred ft lower 
than expected. 

The seismic high resembles surface topography (Figure 2), which does not 
conform to structure. 

Results of a core hole velocity survey carried out to obtain a better correction 
for the map, showed that pronounced lateral variation in velocity continues for 
more than seven hundred ft below the low velocity layer. The nature of this 
variation is now described in detail. 


Lateral Variation in Velocity 


In this area, surface elevations are between 2,600 and 3,200 ft, and the low 
velocity layer is less than 100 ft thick. Core hole velocity surveys were carried out 
to penetrate to a datum level at 2,500 ft elevation, which is everywhere below 
the base of the low velocity layer. To accomplish this, data were measured to 
various depths, from 150 ft to 700 ft below surface. Figure 3 shows the location 
of the core hole velocity surveys. 

Figures 4 and 5 are time depth curves and corresponding velocity depth 
curves for P, Q, R, S and T. 

Isovelocity surfaces, deduced from the velocity depth curves, show that pro- 
nounced lateral variation in velocity persists below the low velocity layer, at 
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Fic. 1. Conventional seismic time map of the Viking formation (Cretaceous) corrected to 2,700 
ft datum elevation at a constant datum velocity of 7,000 per second. Contour interval ten milli- 
seconds. The large seismic high near A was proved spurious by drilling. 


Fic. 2. Surface topography. Contour interval 100 ft. The range of hills adjacent to A roughly 
resembles the spurious seismic anomaly in Figure 1. 
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Fic. 3. Location of core hole velocity surveys. More than forty core hole velocity surveys were 
conducted to obtain accurate time depth data to the 2,500 ft datum elevation. PT is a representative 
profile used in this paper for discussion purposes. 
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Fic. 4. Time depth curves—profile PT. The time scale is relative, 
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Fic. 5. Instantaneous velocity depth curves—profile P7. Numbers on the curves indicate vel- 
ocity values in ft per second. The relative velocity scale is in intervals of 1,000 ft/sec. 


Fic. 6. Diagram to illustrate isovelocity surfaces—profile PT. Undulations in these surfaces 
indicate lateral variation in velocity to depths exceeding 700 ft. Though in this diagram the isovelocity 
surfaces follow surface topography, they diverge from it in other parts of the area. 


~ 
: 
710 
7000 
7000 
100 200 500 600 
3200 
3100 YANG, 
P 
8 
2900 
T 
ee 
2400 
2200 


TIME MAPS FOR LATERAL VARIATION IN VELOCITY 711 


least as far as the 2,500 ft datum. Well surveys indicate further, that velocity 
variation is effective even beyond this depth. The double time from 2,500 ft 
elevation to 1,000 ft elevation is 12 milliseconds greater at A, than at a well six 
miles distant. The double time between 1,000 ft and sea level, on the other 
hand, is virtually the same at each well. 

Further study indicated that the isovelocity surfaces tend to conform to each 
other though they do not necessarily follow surface topography. Though the 
anomalous velocity condition at depths below 700 ft influences time maps, 
eventually at greater depths its effect becomes negligible. 


DISCOVERY OF THE TIME DEPTH RELATION t=a2"+b 


Before the core holes could be used for correction purposes, their time depth 
curves required extrapolation. In the search for a suitable method, a simple ex- 
ponential relation was found to exist between time and depth. We shall now show 
that the equation of the time depth curve at well A is approximately =0.2682:°* 
where ¢ is in milliseconds and g is in ft. As will be explained below, later studies 
show that a general relationship {= az"+0 holds throughout the Western Canada 
Basin where a, b and are constants for any one gross lithology at any one place. 
Further, ” varies so slowly between the values 0.87 and 0.97, that for many prac- 
tical purposes it is convenient to ignore the variation and assume that m is equal 
to 0.91 throughout. 

The relationship was found by plotting time against depth on bilogarithmic 
paper. The time depth curve as shown in Figure 7, consists of two straight lines 
that intersect at a depth of about 4,000 ft, where there is a major unconformity 
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Fic. 7. Time depth plot of well A on bilogarithmic paper. Elev. K.B. 3,049 ft; elev. datum 2,971 
ft. The curve is continuous from surface to the Paleozoic unconformity, and obeys the formula 
t= .268 <** where ¢ is in milliseconds and z is in feet. 
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between clastics in the Cretaceous and carbonate rocks in the Paleozoic. Since 
this correction is limited to velocity effects in the first few thousand ft, only the 
first straight line will be considered. 

Now a straight line on bilogarithmic paper has the equation: 


log ¢ = n log z + log a (1) 
which can be written also: 
t = az". (2) 


Examination of equation (1) indicates that the slope 1 is equal to the difference 
in the logarithms of ¢ at the points ten z and z. Its value can be determined 
graphically by drawing a line parallel to the time depth curve through 10, 10; 
noting its intercept ¢ at abscissa 100, and using the formula, n=log ‘—1. 

The equation for the time depth curve can be found by several methods, in- 
cluding least squares. In this case, an accurate equation between time / in milli- 
seconds, and depth gz in ft is: 


t = .2682°5%. (3) 


Calculated and observed values are compared below in Table 1. The origin 
of coordinates of time and depth is the base of the low velocity layer (elevation 


TABLE 1 


Observed Time Calculated Time 


4 milliseconds 3 milliseconds 


2,971 ft) which is 78 ft below the kelly bushing elevation. Values in the near sur- 
face were obtained from a shallow core hole velocity survey shot at the well for 
low velocity layer control, and have been adjusted to the same reference level as 
the rest of the data. 

The standard deviation between observed and calculated times (as expressed 
by the square root of the sum of the squares of the deviations divided by the 
number of variates) is plus or minus 1.2 milliseconds. 

The following values were calculated for the first few hundred ft in well 4, 
where no measured control exists. 

Results are shown graphically on Figure 8. 


we 
Depth 
67 11 12 
92 14 15 
117 18 19 
928 118 121 
1,428 177 178 
1,928 232 233 
3,183 365 366 
3,558 405 404 
3,783 428 427 
3,813 429 430 
= 
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TABLE 2 
Depth—Ft Time—Milliseconds 
25 5 
50 9 
100 17 
200 
300 44 
400 57 
500 70 


Velocity Variation with Depth 
Restating the general formula as and differentiating, 


1,100 
V= 


gill (4) 


where V is in ft per second, and z is in ft. This suggests that velocity variation is 
most intense in the near surface. Using the typical formula V=5,200 2'/" as an 
example, it is obvious that velocity change in the first thousand ft greatly exceeds 
that in the next nine thousand—as shown in Table 3. 

Assuming that @ remains fairly constant in a small area, the velocity variation 
is somewhat as shown in Figure 9. The marked widening of the interval between 
successively deeper isovelocity surfaces, should be noted particularly, for it 
indicates decrease in the intensity of velocity variation, both vertical and lateral, 
with increasing depth. 
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Fic. 8. Time depth curve for well A, calculated by formula ¢=.2682:, indicates 
the shape of the curve in the near surface, where no measured data exist. 
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Fic. 9. Schematic diagram to illustrate velocity variation in an area. Isovelocity surfaces tend 
to conform to each other, though not necessarily to the ground surface. Widening of the interval 
between successively deeper isovelocity surfaces indicates decrease in the intensity of velocity varia- 
tion, both vertical and lateral, with decreasing depth. 


RELATIONSHIPS BETWEEN TIME DEPTH CURVES AT CORE HOLES 


It can be shown that the time depth curves at the core holes are all simply 
related to each other, and to the time depth curve at well A. In order to demon- 
strate this, core hole P and well A are now compared. Data for core hole P, are 
furnished in Table 4. 

It is possible to interpolate a set of values at even hundreds of ft, from the 
time depth curve. These are compared in Table 5 with data deduced by formula 
for well A. 

The time depth curve for core hole P indicates that 6,000 ft/sec is -*tained 
at the point 100 ft, 23 milliseconds. The curve for the well shows that 6,000 ft/sec 
is attained at 32 ft, 6 milliseconds. The time depth curve for the core hole, below 
the isovelocity surface, is obtained by subtracting 100 ft and 23 milliseconds from 
the observed values; and a similar curve for the well is calculated from its time 
depth curves by subtracting 32 ft and 6 milliseconds. These revised time depth 


TABLE 3 


VELOCITY AND DEPTH VALUES ACCORDING TO 
THE ForMuLA V = 5,200 


V—Ft per Second 


714 
3000 
: 80 G a 
90 
4 
a 
—Ft 
10 6,400 
1,000 9,900 
10,000 12,200 
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TABLE 4 


Core Hote P 


t 
18 ft 8 milliseconds 
32 1 
81 19 
100 23 
120 26 
140 30 
170 34 
200 39 
240 45 
280 50 
320 57 
360 63 
500 80 
TABLE 5 


TIME AND DeptH BELOW SURFACE 


Depth 
Core Hole P Well A 
100 ft 23 milliseconds 17 milliseconds 
200 
300 54 44 


400 67 57 


TABLE 6 
Time AND DeptuH BELOW THE 6,000 Ft/sec IsovELOCITY SURFACES 


Depth 
Core Hole P Well A 
100 ft 16 milliseconds 15 milliseconds 
200 31 30 
300 44 43 


400 58 57 


curves suggest a strong relationship between the data at each location, as shown 
in Table 6. 

Figure 10 shows that the time depth curves for the five core holes in profile PT 
can be made to coincide with that of the well by choosing the common reference 
isovelocity surface 7,000 ft/sec at the depth indicated by the vertical line. If one 
isovelocity surface occurs at a depth common to all these shifted curves, then the 
fact that they fit each other indicates that all other isovelocity surfaces occur at 


common depths. 
The dashed lines in Figure 10 suggest how the data might be extrapolated. 
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Fic. 10. Comparison of time depth curves for well A and core holes P to T each shifted laterally 
along depth axis so that the vertical line intersects all curves at point where velocity is 7,000 ft/sec 
Time scale is relative. 


This method was used in 1952, but has since been superseded by a more elegant 
technique, which will be discussed below. 


EXTENSION OF THE TIME DEPTH RELATION TO OTHER AREAS 


Experience shows that the time depth curves for the Cretaceous section in 
Western Canada invariably plot as straight lines on bilogarithmic paper, whose 
slope values lie within a narrow range from 0.87 to 0.97. 

Time depth curves for two Alberta wells a hundred miles apart are shown in 
Figure 11, to illustrate the very small difference in their slope values, n. 

As more wells were investigated it became apparent that for wide areas n is 
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Fic. 11. Comparison of time depth curves for two Alberta wells 100 miles apart. Bilogarithmic plots 
show that each obeys the relationship t=az" where n is approximately 0.9. 
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REPRESENTATIVE 
VELOCITY SURVEYS 


CANADA 


Fic. 12. Index map showing location of representative velocity surveys in 
Eastern and Western Canada. 


approximately equal to 0.91. A special type of graph paper was devised, therefore, 
on which the time depth curves would plot as straight lines. This has been called 
exponential paper, for although the time scale is linear, the depth scale represents 
distances raised to the power 0.91. On this type of paper, time depth curves for 
over 1,500 wells in the Western Canada Basin are almost invariably straight lines 
for thousands of ft. Examples are given for six widely separated wells in Eastern 
and Western Canada whose locations are indicated in Figure 12. 
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Fic. 13. Western Canada. Time plotted against depth raised to the power 
0.91 using special exponential graph paper. 
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Fic. 14. Eastern Canada. Time plotted against depth raised to the power 
0.91 using special exponential graph paper. 


Figure 13 indicates the time depth curves of wells in Western Canada, plotted 


on exponential paper. 
Figure 14 indicates the time depth curves of the wells in Eastern Canada, 


plotted on exponential paper. 


THE USE OF EXPONENTIAL PAPER TO EXTRAPOLATE TIME DEPTH CURVES 


Where intense velocity variation occurs laterally beneath the low velocity 
layer, the conventional correction is inadequate; since in the final result, the 
average velocity between datum and reflector remains variable, and gives rise 
to spurious time anomalies (Figure 15). 

The spurious effects can be greatly minimized, however, by correcting accu- 
rately to a deep datum level, beneath which the effects of lateral variation in 
velocity are mild enough to be ignored (Figure 16). 

Correction to datum levels several thousand ft below the surface requires 
considerable extension of the time depth curves, beyond the range of actual ob- 
servation. A method for extrapolating these curves has been given in the section 
on the relationship between time depth curves at core holes. The procedure is 
rather awkward, however, and an improved technique will now be explained. It 
consists, as shown in Figure 17, of plotting time and depth on exponential paper. 

A worthwhile refinement in this technique is shown in Figure 18. The time 
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Fic. 15. Diagram to illustrate the inadequacy of conventional time corrections where intense 
lateral velocity variation occurs beneath the low velocity layer. Variation in average velocity between 
datum and reflector gives rise to spurious anomalies. 


depth curves in Figure 17 project to depth in a variety of directions, and random 
error is introduced by slight variations in the slope that may be chosen for these 
straight lines. If, however, the time depth curves are referred to an isovelocity 
surface as origin of coordinates, instead of ground surface, the lines are parallel 
to each other, and a single slope may be assumed for them all. According to this 
technique the main error in correcting to deep datum levels lies in fixing the shal- 
low isovelocity surface to be used as reference. 


Correction Technique 


Once the time depth curves are determined to depths required to reach the 
datum level, corrected values are obtained at core holes by computing the two- 
way time from surface to datum (taking into account the low velocity layer) 


2000} 
5 1000 
900 
oF 
-10006 REFLECTOR 


Fic. 16. Diagram to illustrate the use of a deep datum correction to minimize 
the effect of near surface velocity variations. 
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Fic. 17. Exponential plots of time depth curves—profile PT. Since the relationship between time 
and depth to the power 0.91 is linear, the curves are straight lines which may be extended. 
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Fic. 18. Exponential plots of time depth curves—profile PT referred to the 6,000 ft/sec iso- 
velocity surface as origin of coordinates. In this area, once a shallow isovelocity surface has been 
determined, a single time depth curve can be used to correct from it to datum. 
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Fic. 19. Diagram to show the artificial zonation of the subsurface used for correction purposes 
between control points. Zone A is the first hundred feet; Zone B is the next 3,400 feet and Zone C 
is the rest of the section to a datum level 800 ft below sea level. 


and subtracting it from the two-way time from surface to reflector. Results in- 
dicate two-way time between datum and reflector. 

A modification of this technique was used to correct data between core hole 
surveys. For correction purposes, the subsurface was broken into three zones 
A, B and C (Figure 19). 

Zone A, the first hundred ft below surface, was intended to include the low 
velocity layer; Zone B was the slab immediately below it, bounded above and 
below by surfaces parallel to the ground. In this area it was 3,400 ft thick. Zone 
C was the rest of the section to the datum plane, situated here 800 feet below sea 
level. Times through Zone A where known or could be determined accurately 
from uphole times; times through Zone C were approximated by assuming con- 
stant velocity, for at such depth any variation is minor. Times for Zone B were 
interpolated from time depth curves at control values by use of a very smooth 
contour map of the variation. Correction was the sum of the two-way times 
through Zones A, B and C subtracted from the two-way time from surface to 
reflector. 

RESULTS 


Figure 20 indicates the seismic map of the top of the Viking formation, cor- 
rected for lateral variation in velocity, above a datum level, 800 ft subsea. 

The new map is not only free from evidence of topographic effects, but indi- 
cates several new features; among these is the prominent north-south ridge in 
the eastern part of the area, where reference to Figures 1 and 2 shows that both 
topography and the conventional map are predominantly low. 

Imperial Oil Limited subsequently drilled three wells at B, C and D, to test 
this interpretation. Subsequently, competitors located wells at Z, F and G. 
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Fic. 20. Seismic map of the Viking formation corrected for lateral variation in velocity to a 
datum elevation 800 ft below sea level. A constant has been added to all values to facilitate com- 
parison with Figure 1. Wells B, C, D, E, F and G were drilled after this map was made. 


Taking well B as datum, elevations of the top of the Viking, in ft, predicted 
by old and new maps are compared with well markers (Table 7), to show the 
remarkable improvement achieved. 


A pplication to Other Areas 
Investigation of hundreds of surveys at core holes and wells in Western 
Canada shows that gross velocity variation in the Cretaceous section is effec- 


TABLE 7 
ELEVATION OF VIKING Formation, Usinc WELL B as Datum 
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tively continuous below the weathering. Corrections for lateral variation in 
velocity can be made in all such areas, where the weathered layer presents no 
unusual problems. Four to five core holes per township are usually sufficient to 
correct to datum levels deep enough to minimize spurious effects due to lateral 
variation in velocity. 


CONCLUSIONS 


The assumption that vertical and lateral variation in velocity decreases with 
depth according to definite rules appears to be justified by the results. Correction 
to a deep datum, according to the assumptions used, minimizes the spurious 
anomalies without affecting those due to structure. Highs on the conventional 
map at A and G, that were proved spurious by later drilling, were eliminated from 
the corrected map; but the structural high at B was preserved. It is important 
to note that the spurious high at G does not conform to topography. 

It does not matter whether the velocity effect is due to present overburden, to 
ancient overburden that no longer exists, to leaching by ground water action, or 
perhaps to combinations of these. This method of correction to a deep datum is 
applicable, provided only the isovelocity surfaces tend to conform to each other 
in local areas, and widen out at depth. 
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BROADSIDE REFRACTION SHOOTING* 


T. C. RICHARDSt 


ABSTRACT 


The three-dimensional refraction trajectories and travel times in seismic broadside refraction 
shooting across simple steeply dipping or faulted hypothetical structures are determined when the 
shotpoint is displaced from the axis. No curved surfaces are assumed and the diffractions to be 
expected from the structural discontinuities are evaluated. An approximate method for correcting 
arc time measurements taken over the opposite side to that of the shotpoint is investigated while 
the conversion of times to dip is discussed. Discussion is also given to the differences in the diffraction 
time curves caused by changing the shotpoint from the up to the down side of a fault and the relation- 
ship these curves have with the refraction time curves in both arc and broadside shooting. 

The results of these studies indicate the care that should be taken in distinguishing between 
refracted and diffracted events, and in relating a measured broadside time to a particular point on 
the refractor. The latter may lead to significant error when simple mid-point depth computations, 
often resorted to in field work, are employed. 


INTRODUCTION 


The interpretation of the travel times in arc or broadside refraction shooting 
over buried geological structures such as anticlines or faults raises important dif- 
ficulties unless good in line refraction control exists. In badly disturbed surface 
or sub-surface topography, adequate control is usually difficult to achieve and 
interpretation of the arc or broadside times has recourse to approximate methods. 

In the early days of arc refraction shooting over anticlines, it was quickly 
recognized that if the shotpoint were located down flank, the minimum time 
along the arc would not be given where the arc crossed the axis but at a point 
displaced from the axis and over the remote flank; moreover, the slope of the 
arc-time curve over the remote flank would be less than that corresponding to its 
actual dip. This has been demonstrated by scaled model measurements and by 
theory applied to surfaces of revolution such as those of the cylinder, whose 
parameters were chosen to simulate known anticlines. 

Two approximate methods of broadside interpretation are customarily used 
(a) “Offset” and (b) “Mid-point.” The first is an attempt to refer the measured 
time to the point of emergence of the refracted path from the high-speed refractor 
while the second is an averaging process in which the average depth of the re- 
fractor between shotpoint and observation point (the distance between which 
is such that the refracted events appear late in the record) is assigned midway 
between these points. In both methods, migration of the depth points to allow for 
dip is applied. 

It is instructive, however, to determine the accuracy of such methods in the 
case of simple steeply dipping or faulted hypothetical structures. This entails 
the determination of the ray trajectories and the arc or broadside time profiles 


* Manuscript received by the Editor October 16, 1958. 
t Triad Oil Company Limited, Calgary, Alberta, Canada. 
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and considering the reverse process of deriving structure from the time profiles. 
In this note we shall consider the anticlinal ridge, monocline and vertical fault, 
in which there are no curved surfaces. 

In the strict sense, the term “refraction” when applied at critical angles of 
incidence is a misnomer, for here energy can only travel along the interface as 
a diffraction. However, in this paper the term diffraction will be reserved for 
those cases where an angular feature acts as a secondary source of energy. 


THE ANTICLINCAL RIDGE 


Consider an anticline with flanks dipping at angles of A and B as illustrated 
in Figure 1. The refracted path from a shotpoint, O, to an observation point, O’, 
is OQMQ’O’, where OQ and O’Q’ are critical paths in planes normal to the 
flanks, and M is the point on the intersection of the two flanks through which the 
refracted wave passes. If P is the foot of the normal from O, then P, Q, and M 
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Fic. 1, Plan and elevation view of refraction paths from shotpoint to arc stations over ridge. 
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are co-linear and the plane of refraction is OPM: similarly on the remote flank, 
the plane of refraction is O’P’M. 
Taking the shotpoint O, as the origin of rectanguar coordinates, the co- 

ordinates of other points in Figure 1 are: 

O’ (a+ a’), (6+ 8’), 0 

P Nsin A,O, N cos A 

M a,b, H = Nsec A —atan A 

P’ (a— a’ — N' sin B), (6+ 0’), N’ cos B 
where N, N’ are the lengths of the normals at O and O’, and H is the depth to the 
ridge. The co-ordinates of Q, the point of entry in the flank may be shown to be 


given by 
a—WNsin A 
x = Nsin A + —————--N tan 
PM 
: N tan 0 (1) 
= an 
H—NcosA 
z = Ncos A + ———————-N tan 0 
PM 
and of Q’, the point of emergence, by 
a’ — N’ sin B 
x’ =a+a’ — N' sin B — ——————— tan 0 
P/M 
b’ 
b’ — ——-N’ 2 
y + ar (2) 
H — N’cosB 
2’ = N’ cos B + ———— -N’ tan 0 
P'M 


where @ is the critical angle of refraction. In Figure 1, 6 is shown as its plan view 
projection. 
The lengths of the normals are given by 
N =asin A+ Hcos A 


3 
N’ =a’ sin B+ Hoos B (3) 


and the surface travel distance, R, by 
(00’)? = R? = (a — a’)? + (64+ B’)?. (4) 
Now the indirect path from O to O’ is a minimum time path but as we will 


only consider those cases where the angles of refraction within the second medium 
are close to ninety degrees, it will be assumed that the path in the second medium 


its 
i 
: 


728 T. C. RICHARDS 


will lie along the interfaces, and given by QMQ’. It is quite reasonable to suppose 
that the energy travelling along this path—strictly diffracted energy—is greater 
than the truly refracted energy travelling along the straight line between points 
corresponding to Q and Q’. Of course, if the direction of observation subtends a 
large angle with the strike (which is avoided in practice), the foregoing energy 
supposition could be questionable. 

It may be shown that the condition for minimum time is given when PM and 
P'M’' make equal angles with the line of intersection of the flanks, measured in 
the flanks; this condition is recognized to be that of the geodesic between P and 
P’ and it may be written 


“0S b’ cos B 
a—NsinA a’—N’sinB 


Equations (3) (4) and (5) are sufficient to determine 6, b’ and N’ provided 
the other quantities are known while the refraction travel time between O and 
O’ is 

Ta +) 
V 0 V 


(6) 


where Vo and V are overburden and refractor velocities, respectively. The dis- 
tances PM and P’M, may be determined from the co-ordinates of P, M and P’. 

An important condition is that the offset distance V tan @ and N’ tan 6 must 
not exceed PM or P’M respectively, or the vertical co-ordinates of Q and Q’ 
must not be less than the depth, H, to the ridge. The appropriate values for a’ 
may be found graphically since both V’ tan @ and P’M vary linearly with a’ to 
a first approximation. 

For those refracted paths that do not pass over the ridge (see Figures 1 and 
2) the geometry is much simplified and results in the well-known expression 


+ (2N — Rsi (7) 

where sin y=sin A sin @ and 


a’ 


sing = 
. R 
In this case the limiting positions of Q and Q’ may be shown to be given when 
zg = H = Nos A(1 — tan y tan 6) 


(8) 
zo’ = H = N’ cos A(1 + tan y¥ tan 8). 
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Fic. 2. Plane of refraction when path does not pass over ridge. 


sin y = sin A sin 
a’ 
sin = — 
Zq = N cos A(1i — tan ¥ tan @) 


Zq = N’ cos A(1 + tan ¥ tan @) 


DIFFRACTED ENERGY 


It follows that in the interval between the observation stations corresponding 
to the limiting position on the shotpoint flank and the remote flank as defined ; 
above, there will be no arrival of refracted energy. The ridge top may be consid- ~ 
ered, however, to act as a source of diffracted energy which reaches the observa- ; 
tion stations along varying paths. In practice, structures are flexed rather than 
angular so that there would be no limiting positions for the points of entry and 
emergence. An approximate theory to trace the path of refraction in the case of 
arc shooting over cylinders has been given by Germain-Jones (1951), but it is in- 
structive to consider the diffractions from our hypothetical model and to see 
how their travel times may be related to those of the refracted paths. 

In this case, the complete path is made up of a refracted path as far as the 
top of the ridge and diffractions to the observation stations, such that the total 
time is a minimum. Now the time taken along the path OQMO’ under considera- 


tion is 
Vo V Vo 
and the minimum time condition may be shown to be given by : 


By assigning values to k, a’, Y, H, Vo and V, values of b to satisfy (10) may easily 
be found graphically since for angles near critical, it may be shown that 6 is 
approximately proportional to sin @. 


£ 
: 
at 
| 
‘ 


ip 


d 


give 


to 


1ons 


construct 


+4 


33 
+ 


iy 


6 cos 
ts from arc stations 


sin 


KA 
in 


DISTA 
Wi 


FSET BROADSIDE 


4 
S 


fiset po 


sin 


444+ 
ing o 


Ff 


for ridge show 
on shotpoint flank and time corrections for remote flank. 


Writing 


and noting from (10) that 
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we obtain after substituting in (9) 
b Y—6 
(T) = + (11) 


veos@ Vosin#@cos¢@ 
1 sin 0 ‘24. H? 


Vo cos@ sin® cos? 


(12) 


after manipulation. 


In broadside observations Y remains constant and a plot of (T) or T against a’, 
as to be expected, is symmetrical about the axis of the ridge. If arc observations 
are made, then Y is replaced by /R?—(a—a’)? and the time curve is asym- = 
metrical. 


THEORETICAL TIME CURVES 


Figures 3a and 3b show in plan view the ray trajectories and travel times to 
be expected with a given set of parameters H, R, a, Vo and V with A= B=30°. 


The apparent dip as given by the time variations of the refracted arrivals is less i 
on the remote flank than it is on the shotpoint flank while the diffraction zone 2 
is extensive. It should be noted that if the ridge be given a symmetrically curved 


top, then refractions would emanate from all points of its surface and the dashed 
curve in Figure 3b corresponding to diffractions constitutes, in effect, the limiting 
time profile when the curvature is infinite. Arrival times on this curve correspond 
to events which are relatively weak in energy on account of ray divergence. It j 
is clear that by reciprocal shooting from the remote flank that a point midway 

between the two minimum time points will mark the true position of the ridge. A 
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Fic. 3b. Time curve referring to Figure 3a. 7 
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Fic. 4a. Monocline showing offset points when shotpoint is over horizontal section and time 
correction for dipping flank. 


The distortion of the refracted time curve on the remote flank is largely due to 
the variations in the travel time in the refractor or in the second term in (6). 
The distortion gets less as anticlinal structures are replaced by quasi-synclincal 
structures, such as the case of A=0 and B= — 30° (discussed below in the section 
on the monocline). In the case of the ridge, an empirical time correction for dis- 
tortion is obtained by drawing the arc O’C from Oy as center and applying the 
correction At= +AR’/V where AR’ is measured along OyC (Figure 3a). This con- 
struction assumes that the axis of the ridge has been established and is based on 
the fact that if a shotpoint were located at Oy, the difference between times 
measured at O’ and at C would be directly related to the dipping flank. 

In regard to the assumption that the minimum time path travels over the 
surface of the ridge between Q and Q’, it is pertinent to note that in the case of 
Figure 3a, the computed distance of PM+P’M is 16,640 ft as against 16,400 ft 
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Fic. 4b. Time curve referring to Figure 4a. 


for PP’ when the observation point is at the rather large distance of 7,500 ft 
from the ridge. The corresponding time difference of about 0.01 sec is hardly sig- 
nificant. As previously stated, however, we believe the assumption is valid on 
energy concepts. 

Corrected times should be referred to normals at the points of observation 
in computing the dip. This assumes that the flank has uniform dip without 
pitch which, of course, is actually the case. In practice, if the attitude of the flank 
beyond the locus of the offset positions Q’Q’ is uncertain, an approximate inter- 
pretation is made by offsetting back along the station radius a distance NV’ tan @ 
and determining the vertical structural section by drawing the envelope to a series 
of arcs with varying radii, N’. Here, one value of V’ is assumed and the others 
computed by adding algebraically the value AN’ = AtVo/cos @ where At is the dif- 
ference in overall travel time to any other station. This may be sufficiently 
accurate for small dips, but large errors will arise otherwise. Thus, in Figure 4a, 
Q; and Q; are the surface offset positions corresponding to two stations on the arc 
over the shotpoint flank. If these points are used as centers for radii, N’ and ; 
N’+AN’, the envelope will give a skew dip section which bears no relation to : 
the dip of 30°. A less erroneous result is obtained if Q:Q2 is projected on to a dip 
line as indicated and the arcs drawn with centers Q,’ and Q2; the envelope will ; 
be found to give a dip of 40°. 

By applying the correct formula 
AlVo Al.Vo 


== or tan B = —— 
Aa cos 6 Aa’ cos 0 
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Fic. 5a. Monocline showing offset points when shotpoint is over rising flank and time correction 
for horizontal section. 


we find that A=30 degrees and B=25 degrees. Consequently, if it is believed 
that pitch is a minor factor and dip is large, it is sufficiently accurate to refer 
normals to the points of observation which have been projected from the arc to 
a cross-strike line. The offset approach is one reserved as a refinement when 
other data are available, but great care should be exercised in attempting to 
compute the dip vector from the refractor offset points. 


THE MONOCLINE 
The governing equations for the monocline are simply derived from those for 
the anticlinal ridge by writing A=0 or B=O and assigning negative angles to 
the dipping flank. 
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Fic. 5b. Time curve corresponding to Figure 4b. 


Theoretical Time Curves 


Figures 4 to 7 show the ray trajectories and travel times when A =0°, B= 30°; 
A=30°, B=0°; A=0°, B= —30°; A= —30°, B=0°. 

In Figure 4b, both refraction and diffraction times plotted against the arc 
station positions (offset to the broadside) are distorted and the apparent position 
of the top of the flank lies on the side remote from the shotpoint. From the zero 
gradient of time measurements over the shotpoint side, horizontal bedding may 
be inferred and the true position of the top of the flank obtained by offsetting 
the limiting refraction position with a time of 1.866 (Figure 4a) back along the 
radius, a distance V tan 6. The construction to obtain corrected refraction times 
is similar to that described in the case of the ridge. 

Figures 5a and 5b refer to the same structure as in Figures 4a and 4b, but 
with the shotpoint over the steep flank. The diffraction time curve of Figure 5b 
is the reverse of that of Figure 4b, the average position of the minimum time 
point giving the true position of the top of the flank. 

Figures 6a and 6b illustrate the situation in the case of horizontal bedding 
followed by a rising flank. Diffractions of the kind envisaged in Figures 4a and 5a 
do not arise, although where the two time curves of Figure 6b intersect, re- 
inforcement of refracted energy may be expected. This is a diagnostic feature of 
refraction observations taken over synclines. Furthermore, there is no appreciable 
time correction for refractions over the rising flank. It is to be noted that the two 
time curves intersect at a point very close to the beginning of the rise and on the 
shotpoint side. If, however, refracted energy can be detected as second arrivals 
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Fic. 6a. Monocline showing offset points when shotpoint is over horizontal section and 
observations carried over rising flank. 


as far as the theoretical limits corresponding to the two values of MQ’ in Figure 
6a, calculation from their observed times should fix the position of the beginning 
of the rise with a good degree of accuracy. 

Figures 7a and 7b show the geometry and offset broadside times when the 
previous structure is shot from the opposite side. There is little time distortion 
over the remote flank while the point of intersection of the two refracted time 
segments is appreciably displaced from the ridge and on the remote side. As be- 
fore, calculation from the limiting times should mark the beginning of the rise 
with good accuracy. 


THE VERTICAL FAULT 


In the case of the vertical fault, the bedding on both sides of the fault will be 
considered as horizontal and the geometry determined when the shotpoints are 
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Fic. 6b. Time curve corresponding to Figure 6a. 


located (a) on the down side, and (b) on the up side—not too distant from the 
fault. Observations are made along the arc of a circle, or along a broadside. 


Shotpoint on Downside 


Figure 8a illustrates the travel path from the shotpoint O to the observation 
station O’ in case (a). The plane of refraction normal to the bedding is vertical 
and the travel time is given by 


02, OM MO’, QO! 


V V V V 
0 0 (13) 
r (H + h) cos@ 
Vo 


in which MQ’ is a quasi-refracted path from M. 

Since the path MQ’O’ is a minimum time path, Snells law applies and, there- 
fore, sin B=Vo sin a/V. 

If varying angles from zero upwards are now assigned to a, B may readily be 
computed and hence x, since 


x=htana+ H tan8. (14) 
In the case of arc shooting, r follows since 
r= 


and (13) may then be computed for 7. The corresponding observation distance, 
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a’ = a(R/r — 1). 
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Fic. 7a. Monocline showing offset points when shotpoint is over dipping flank 


In the case of broadside shooting, Y is constant and 
signing increasing va 


a’, measured from the fault edge 
determined and, subsequently, 
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Fic. 7b. Time curve corresponding to Figure 7a. 


Diffracted Energy 


The fault edge may be expected to act as a secondary source for the transfer 
of energy along the refractor on the upside as indicated by the path OM’Qp’Op’ 
in Figures 8a and 8b. The travel time along this path is 


Beet, VETTE b) (15) 
Vo Vo V 


and for minimum time 


12 2 
Va? + b? + H? 
This expression for sin @ bears a reciprocal relation to (10) as the energy 
from the shotpoint travels to the diffracting edge directly through the over- 
burden before travelling along the refractor on the upside, as opposed to a re- 
fraction path on the shotpoint side before diffraction, in the case of the dipping 
flank. Travel times for various values of a’ may be computed as previously 
indicated for the anticlinal ridge. 
In the case of observations made on the same side as the shotpoint, energy , 
along the path OM,'M2/Op” (Figure 8b) would be vanishingly small unless the 
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Fic. 8a. Plan and elevation view of refractions and diffractions across fault; 
shotpoint on downside. 


fault edge were rounded, in which case the travel time along the path would be 
given by 


cos 0 


17 
(17) 


Y 
T= — + + + 
The refracted event with the time of (17) may arrive earlier or later than the 
refraction on the same side as the shotpoint, depending on a, a’, H and h. For 
equality in time and in the case of broadside shooting or when r=Y, it may be 
shown that 


2(H +h) = Va?+ A? Va? + H? (18) 


which is independent of the velocities V and Vo. Theoretically, (18) provides a 
check on the throw of the fault which has been determined otherwise. Figures 10a 
and 10b indicate that diffracted travel times are asymmetrical about the fault 
edge whether arc or broadside observations are made. 


Shot Point on Upside 


The geometry of shooting from the upside is illustrated in Figure 9. Deter- 
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Fic. 8b. Refractions from fault edge of Figure 8a. 


mination of the refracted and diffracted travel times follows a similar (but 
reversed) procedure as in the case of shooting from the downside. 

In this case, however, diffracted times are symmetrical about the fault when 
Y is constant but not when arc observations are made, as illustrated in Figures 
10a and 10b. 


Shotpoint over Fault 


It is of interest to consider the general equation (12) when the shotpoint lies 
over the fault or when ¢=0. Ve then have 


1 
(T) = = sin@ + + H? cos 8]. (19) 
0 
Writing 
: Y sin 6 
(T)’ = (T) - 
0 
we derive 
cos? 6 


(T)’? = (T)o? + a’?- (20) 


Vo? 
where (7)o’ refers to the value of 7’ at a’ =0. Equation (20) represents a hyper- 


bola whose asymptotes have a slope of cos 6/Vo, and has been given previously 
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Fic. 9. Same as 8a but shotpoint on upside. 


by Ledoux (1957). In his paper, Ledoux draws attention to the fact that this slope 
is cos @ times that obtained when considering inline shooting across a fault. This 
inline condition may be derived from (12) by putting ¢=90° and noting that 
Y/cos @ with this condition as determined from the steps leading to (11) is 
given by a +sin 0(a’?+ H?)"/2, 

In order to determine the function cos 6/Vo from the measured times T and 
distances a’, we proceed as follows: 


Putting 


Y cos@ Hcos? 
D=T— = Ya? + + ——— 
0 
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Fic. 10b. Time-broadside distance curves referring to Figures 8a and 9. 
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we have 
2H cos 
Vo 


which gives on substitution in (21) 


(v 


(22) 


Therefore, the slope of the straight line obtained by plotting (T—Y/V)AT by 
a’* gives the square of the required function. 


Theoretical Time Curves 


Figures 10a and 10b show the arc and broadside (Y = constant) refraction and 
diffraction time curves to be expected over a fault with throw of 1,000 ft, a 
depth of 10,000 ft, arc or broadside distance 20,000 ft, and a shotpoint displace- 
ment from the fault of 2,500 ft. In Figure 11a, and shooting from the downside, 
refraction arrivals give a steepening time gradient as the fault is approached 
(a—0) and the energy content of these arrivals may be expected to decrease in 
the same direction; the first detectable events would be those corresponding to 
that part of the time curve whose time gradient is near zero. The throw of the 
fault as determined from the time interval of 0.08 second is 920 ft which is less 
than the true value. If the limiting position of refracted arrivals from the down- 
side (at a distance of 900 ft from the fault edge) is clear, then the position of the 
fault edge is easily determined by offsetting towards the shotpoint by a distance 
H tan 6. The diffracted events show steadily decreasing times from the downside 
to the upside and if such events were observed in practice, then times should 
be examined to see whether they could substantiate the features determined from 
the refraction results. 

In the case of shooting from the upside, the upper time segment should furnish 
the position of the fault edge while the lower time segment corresponding to the 
downside should be characterized by strong energy at its limiting position 
(Q’=M) and this energy should decrease at increasing distances from the fault, 
corresponding to decreasing angles, a. The throw of the fault, if determined from 
the minimum time interval of 0.09 sec between the upper and lower segments 
is 1,040 ft or greater than the true value. Ideally, an averaging of the two com- 
puted fault throws from the two positions of the shotpoint will lead to an im- 
proved result. The times of the diffracted events exhibit the normal hyperbolic 
diffraction characteristic although distorted; the minimum time point is dis- 
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Fic. 11a. ““Mid-Point” interpretation of Figure 3b. 


placed as indicated. As before, the form of this time curve should be examined to : 
check the results established by refraction. 

Figure 10b which shows times plotted by actual broadside distances where Y 
remains constant, portrays the time effects of increasing horizontal travel dis- 
tances; these effects are, of course, corrected to arc times before considering their 
corresponding delay times. The downside diffraction curve is still asymmetrical, 
but by virtue of the geometry when shooting from the upside, the upside dif- 
fraction curve is symmetrical about the fault edge. It is pertinent to see how 
nearly this symmetrical curve yields the function cos @/Vo if the relation (22), 
which strictly refers to the case of a shotpoint over the fault, is applied. We 
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Fic. 11b. “Mid-Point” interpretation of Figure 6b. 
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find that whereas cos 0/Vo at a=0 is 0.866 10-4, the value at a=2,500 ft is 
0.87310; an additional set of calculations for a=5,000 ft yields 0.887 X 10~. 
At this value of shotpoint displacement from the fault and with the other 
selected parameters, an error of only about +2 percent is entailed, and this 
would lie well within experimental error. 

In regard to the diffraction time curve obtained when shooting from the 
downside of the fault and when observations are made over the downside, Figure 
10b shows that equality of time with the refraction time segment, obtained 
under the same conditions, is given some 6,000 ft away from the fault and this is 
in accordance with expression (18). 


THE INCLINED OVERTHRUST BLOCK 


The geometry in this case is similar to that of the anticlinal ridge as far as 
the ridge and when the shotpoint lies over the block. If the shotpoint lies over 
the downthrown or subthrust side, the geometry becomes more involved and 
depends on the velocity of the material between the two units. If the material 
is relatively thick and possesses comparatively low velocity, it would be advisable 
to consider the subthrust unit as a separate problem, but if the velocity is not 
sensibly different from that of the two high-speed units, the problem involves 
the dipping flank and vertical fault theories discussed above. 


MID-POINT INTERPRETATION 


It can readily be seen from a study of the various arc or broadside time curves 
illustrated above that mid-point interpretations of observations made across 
structures defined by relatively steep dip or faulting may lead to serious errors in 
computed depths. Thus, in Figures 10a or 10b, the average depths, determined 
from the times of those segments of the refraction time curve belonging to arrivals 
on the side of the fault remote from the shotpoint, would be such as to infer a 
fault throw of about one half of its true value. Two other cases are considered and 
illustrated in Figures 11a and 11b. Here the anticlinal ridge with A = B= 30° and 
the monocline with A=0, B= —30° are considered. Computed times are those 
when F is constant. In both, the travel times, compared with the arc times, are 
increased by virtue of the increasing horizontal distances from shotpoint to 
geophone but, in the case of the ridge, it is to be noted that the refraction time 
segments are approximately symmetrical with respect to the ridge. Distortion 
on the flank remote from the shotpoint is very small and this is due to the fact 
that the distances, PP’, between the feet of the normals, only vary by small 
amounts. (The diffractions are, of course, symmetrical about the ridge.) However, 
in interpretation, measured times should first be corrected for differences in hori- 
zontal travel distances and then by the artifice described above. 

The mid-point interpretation, obtained by assigning half the total delay time 
midway between shotpoint and geophone, converiing these times to normal 
depths and constructing their envelope yields two structural segments: one on 
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the shotpoint flank as far as the limiting position of refractions and a second 
segment, quite unrelated in position or depth, although possessing the relevant 
dip. 

In Figure 11b, the decreasing refraction times over the rising flank are greatly 
influenced by differences in PP’ so that a broadside interpretation would require 
a correction for variations in the horizontal travel distance. The mid-point inter- 
pretation of the first events shows this flank with the correct dip, but with ap- 
preciable displacement towards the shotpoint. 

The above examples show the weakness of mid-point interpretation when 
structural relief cannot be considered as small. In practice, the drawing of normals 
to obtain the envelope, frequently results in confusion and this is doubtless due 
to structural anomalies of small lateral extent but sharp relief. An interpretation 
which relates the measured time differences, corrected for travel distance, to dif- 
ferences in the normal depths along the broadside itself or its offset back towards 
the shotpoint, should result in reasonable agreement with actuality. Weak events 
that may appear to bridge strong events on a record should be suspected as dif- 
fractions and their times considered in the light of the appropriate theory. 


GENERAL OBSERVATIONS 


The solution of the governing equations in the theoretical structures con- 
sidered above is laborious by conventional mathematical methods but is rendered 
speedy by digital computing machines. Several check solutions of the problems 
related to the anticlinal ridge or monocline treated in this paper as well as other 
solutions for varying parametric changes have been determined using the Almac 
III E Digital Computer. In setting up the problem, ten general steps are coded 
and fed into the computer. By applying discrete values for a, A, B, H, V, Vo, R 
and a’, the computer comes out with a solution for T in about one minute. In 
determining the limiting value of a’, when N’ tan 0= P’M, the shrinking average 
procedure is adopted but if a’ is expected to be negative, this information must 
be fed into the machine as an extra step. 

As is often the case, seismic theory meets with difficulties when applied to 
practical measurements, especially in zones of appreciable tectonic disturbance. 
Velocity changes within both the refractor and its overburden and varying thick- 
ness of the refractor may contribute importantly to the energy content of the 
refracted wave. Diffracted events may be set up at any discontinuity and al- 
though the energy in such events may be relatively small, their identification 
should be checked from their characteristic time-distance relationship which is 
easily determined knowing the depth of the diffracting edge. This relationship 
for a deep source, however, yields a curve with small curvature which may not 
easily be distinguished from the trace of refracted events from a refractor with 
small dip. The effects of a disturbed overburden which normally accompany 
thrusting are often visible on a record and lead to interference of the second or 
later events which are expected to identify the refractor. 
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It is important to be able to visualize the refraction or diffraction trajectories 
in and out of structures of various forms and the general equations established 
above should help the seismic interpreter to this end; the structures chosen in 
the cases of the anticline and monocline have been given large dips for ease of 
illustration. An extension of the investigations by systematically changing the 
several variables should be most informative and provide a set of rules, albeit 
qualitative, which should also lead to a better understanding of broadside re- 
fraction problems. 

Broadside or arc reconnaissance observations are indispensable in detecting 
steeply dipping and faulted limestone structures such as those in the Rocky 
Mountain foothills of Western Canada. Inline observations across such features 
are less informative and, as is well known, have no significance when observing 
down flank whose dip is equal to the critical angle. The inline should be restricted 
to the direction of the regional strike and away from the disturbed zone. 

In some recent investigations into the nature of the refracted second event 
we have found that this event carries much less energy than the wide-angle re- 
flection which follows at a later time at distances greater than critical. A good 
example is given by Richards and Walker (1959) and, unless good quality records 
are obtained, a prominent second event could be mistakenly identified as a re- 
fraction. This is not important if depth determinations are made from the times 
of events recorded near the critical distance but this is rarely possible in practice, 
and the inline time distance curves for the second event should be examined in 
the light of reflection theory. A detailed study of the identification of the second 
event will be the subject of a future paper. 
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SUB-BOTTOM DEPTH RECORDER* 


WALTER C. BECKMANN,ft ARCHIE C. ROBERTS,+t BERNARD LUSKINT 


ABSTRACT 


The Sub-bottom Depth Recorder (SDR) has been developed to study the underlying geologic 
structure of water covered areas. The SDR is essentially a broad-band, high-powered echo sounder 
which utilizes one of two sound sources. 

The first, an electrical spark discharge (Sparker), has produced penetrations in excess of 600 ft 
in 50 ft of water. The second, a combustion chamber using a mixture of propane and oxygen (RASS), 
has produced penetrations in excess of 1,400 ft in 80 ft of water. 

Results obtained from the SDR have been found to be in excellent agreement with test boring 


and seismic refraction data. 


INTRODUCTION 


Since the summer of 1957 an active program has been underway at the 
Lamont Geological Observation directed toward the study of sub-bottom struc- 
tures underlying water-covered areas through the use of high-powered echo 
sounders. Emphasis has been placed on the use of broad-band, low-frequency 
sources to produce the necessary acoustic energy. 

The present Sub-bottom Depth Recorder (SDR) utilizes as a sound source an 
electric spark discharge (Sparker) or the combustion of a mixture of propane and 
oxygen in a small chamber (RASS). The SDR is constructed so that one may 
choose the particular source best suited to the area and structure under survey. 
One can further select the passband of the receiving circuit to provide an opti- 
mum signal-to-noise ratio. 

A number of equipments designed to obtain sub-bottom echoes have been 
reported in the literature (McClure, Nelson, and Huckaby, 1958; Smith, 1958; 
and Padburg, 1958). Each of these has used rather large crystal or magnetostric- 
tive transducers. The trend has been to utilize lower frequencies, of the order of 
1-9 kc, in order to achieve more penetration. This has resulted in rather large 
equipments, particularly the transducer sections. Hence, the portability is 
limited, and installation is time-consuming and involves rather expensive modi- 
fications to the ship’s hull. 

Of the two sources available with the SDR, the electric spark discharge is the 
more common. It has been used for studies of underwater sound propagation by 
Anderson (1953), among others, and has been applied to the study of sub-bottom 
structures with notable success by members of the Woods Hole Oceanographic 
Institute, Knott and Hersey (1956), and Hersey! to the study of sub-bottom 
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structures. A simplified spark discharge has been used by Press and Oliver 
(1955), and Hall (1956), among others. 

The combustible gas sound source, called the RASS for Repeatable Acoustic- 
Seismic Source, is a newer concept and has not been reported in the literature, 
to our knowledge. Single shot, non-repeatable gas sound sources have been re- 
ported in patents by McCollum (1951) and Merten (1955), but these have been 
rather large, complex machines not suited for a continuously operating, ship- 
board sound source. 

The Sparker is used primarily when emphasis is to be placed on the study of 
relatively shallow, complex sub-bottom structures. The acoustic signal produced 
contains significant energy between 300 and 5,000 cps. The use of these fre- 
quencies (considered here to be high) permits excellent definition of small gradi- 
ents or changes in sub-bottom sediments. A record made using the Sparker in 
Long Island Sound is shown in Figure 1. Penetrations in excess of 600 ft in 50 ft 
of water have been recorded. 

The RASS is used when more energy is required in order to study deeper 
layering. The fundamental frequency of the RASS is 35 cps; the signal includes 
this frequency and the harmonics above. Frequencies up to 3,000 cps are used 
to record the sub-bottom reflections. A record made with the RASS in Long 
Island Sound is shown in Figure 2. Penetrations in excess of 1,400 ft in 80 ft of 
water have been made. Here the geologic structure has been the limiting factor; 


a probable limit of the instrument is 2,000 ft in coastal plain sediments. 

Geologic surveys have been made using the SDR in Long Island, Block Island, 
and Rhode Island Sounds, Chesapeake Bay, the Red Sea, the Beagle Channel 
(Cape Horn), and on the Atlantic Coastal Plain. A distance of some 3,000 miles 
has been covered and has given valuable data of the areas involved. 


DESCRIPTION OF EQUIPMENT 


The equipment consists of two parts, the transmitting section and the re- 
cording section. The transmitting section consists of a choice of either the Sparker 
or the RASS sound sources (see Figure 3). 

An electro-chemical type recorder provides a synchronized trigger pulse cor- 
responding to a writing stylus position at the left of the recording paper. In the 
case of the Sparker, this triggering pulse switches a capacitor charged to 8,000 
volts across the Spark Electrode Assembly shown in Figure 4. The spark dis- 
charge from the center electrode to the concentric ring produces a loud, short- 
duration sound. The electrode is towed directly in the water by the electrical 
connecting cable. In the case of the RASS, the triggering pulse energizes a spark 
coil producing an ignition spark in the combustion chamber to which propane 
and oxygen are continuously fed (see Figure 5). The combustion chamber is 
towed in the water in a small paravane at a depth of 2 to 5 ft. 

A receiving hydrophone encased in a hose is towed behind the ship. The re- 
flected signal detected by the hydrophone is pre-amplified, passed through a vari- 
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Fic. 1. A portion of a SDR record made in Long Island Sound using the Sparker sound source. 
The top of the record corresponds to the water surface, the first reflection to the water bottom, and 
the successive reflections to the various sub-bottom horizons. These later events correspond to an 
intermediate horizon presumed to be the interface between the Recent and Pleistocene deposits and 
to the underlying bedrock. 


able passive filter, then amplified and printed on the recorder. A time variable 
gain (TVG) print amplifier is used so as to permit one to see clearly the deeper 
horizons without blacking out the shallow, and hence stronger, arrivals. The 
TVG is controlled by the trigger pulse from the recorder, once per second. 

A recorder stylus traverses the width of the recording paper in one second, 7 
giving a depth of 400 fathoms (2,400 ft) across the paper, for a velocity of 4,800 
ft/sec. The repetition rate of the Sparker can be made four, three, two, or one 
per second by utilizing auxiliary trigger pulse contacts. That is, several records ; 
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can be made across the paper having depth scales which are divisions of 400 
fathoms (2,400 ft). 

In the case of the record shown in Figure 6, a repetition rate of three per sec- 
ond was used to give three records each having a total depth scale of 800 ft. The 
use of TVG permits one to obtain several complete records at increasing gain on 
the same record paper. It has been found that this system is more satisfactory 
than a single TVG record, the reason being that shifting depth scale from 100, 
to 200, - - - , to 400 fathoms can be done simply by selection of the repetition 
rate of the trigger pulse and does not involve speed changes of styli or paper trans- 
port. In addition, it provides a greater time-variable gain range for each reflection 
horizon. 

The repetition rate of the RASS can be made two or one per second giving 
depth scales of 200 or 400 fathoms. Much of the thinking behind this recording 
scheme has been influenced by work in the Long Island area where the deepest 
reflecting horizon (bedrock) slopes gently from Connecticut to the south south- 
east. A typical survey line then was begun by the Sparker at four per second and 
then switching to the RASS at two per second as the bedrock deepened. The 
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Fic. 3. A block diagram of the SDR equipment. The recorder provides the synchronized trigger 
pulse which in the case of the Sparker operates a switch which places a charged capacitor across 
the spark electrode producing the sound, in the case of the RASS the trigger pulse pulses a spark 
coil which provides the ignition spark in the combustion chamber which is continuously fed propane 
and oxygen. 

The reflected sound is detected by the receiving hydrophone, the signal is then pre-amplified, 
filtered, amplified, and printed by styli on a moving belt on an electro-chemical recorder. 
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Fic. 4. The Sparker electrode assembly. The sound-producing spark discharge is between the 
center electrode and the concentric ring. This replaceable portion of this unit wears out in from 6 to 
9 hours and must be replaced. 


SDR is equipped so that the change from one sound source to another or from 
one repetition rate to another requires only a few seconds. 

Power consumption for the SDR varies, of course, depending on which sound 
source is used. The SDR with the Sparker requires about 1,200 w of 110 volts ac 
power. This power may be unregulated like that produced by a small 2-kw 
gasoline generator. The SDR with the RASS requires only about 350 of 110 
volts ac electrical power plus propane and oxygen supplies. At a repetition rate 
of one per second the hourly gas consumption is 30 ft* of oxygen and about one 
pound of liquid propane. More simply, a standard 300 ft* hand-carried tank of 
oxygen is required for each 10 hours of continuous operation. A large tank of 
propane such as that used for home cooking (150-200 Ib) will last for 15 tanks 
of oxygen. 


INTERPRETATION OF DATA 


The SDR, of course, is capable of a measurement of time only. The depth 
scale used is based on the velocity of 4,800 ft (800 fathoms) per sec, which is 
approximately the velocity of sound in water. In order to determine the true 
depth to a particular reflecting horizon, it is necessary to correct the depths 
shown by the SDR for the velocity of sound in the water and in the sedimentary 
column. 
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Fic. 5. The RASS combustion chamber. The propane and oxygen are introduced into the car- 
buretor through separate vents. The gasses mix and pass downward where they are ignited by the 
spark plug. The flashback arrestor prevents continuous burning of the mixture in the carburetor. 
The resulting explosion exhausts through the bottom of the chamber directly into the water. The 
unit is contained in a small fish and towed two to five feet below the water surface. 


The velocity of the sound in the water can be calculated from a knowledge 
of the temperature and salinity of the water through application of suitable 
formulae and tables. For many areas of the world, these values are already known, 
and it is necessary only to refer to them. 

The velocity of sound in the sedimentary column is more complex, however, 
and one of a number of auxiliary measurements must be made. Of these, seismic 
refraction profiles, wide-angle reflection profiles, and test borings have been used 
successfully. 

A number of strategically placed seismic refraction profiles, reversed to give 
true velocity, permit one to correct the depth of the various reflecting horizons 
as given by the SDR. In addition, they serve to influence one’s confidence in the 
horizontal correlation of the various horizons. 

Velocities can likewise be determined through the use of wide-angle reflection 
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Fic. 6. A portion of a SDR record made in Long Island Sound using the Sparker at a repetition 
rate of three per second. The Time Variable Gain print amplifier was used to give a clear record of 
the shallow layers while using higher gain on the deeper bedrock. The repetition rate is varied by 
an auxiliary keying contact on the recorder. 


profiles. In wide-angle reflection profiles the spread between the source and re- 
ceiver is varied from zero to about four times the depth of the reflecting horizon. 
These profiles must be made in areas where the layering to be studied is hori- 
zontal and relatively free of relief. The SDR lends itself well to making wide-angle 
reflection profiles, since it is possible by the addition of a longer cable to achieve 
a varying physical separation between the receiving hydrophone and one of the 
sound sources. The hydrophone is permitted to drift from the ship, or in some 
cases it is carried out by a small boat and hauled in. By comparison with data from 
assumed velocity structures, it is possible to determine the structure in question 
(Officer, 1955). 

Comparison with test borings that are available provide not only true depth 
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TEST BORING DATA 


27 NUMBER OF LB. HAMMER BLOWS, FREE FALLING 30", NECESSARY TO DRIVE 2° DIAMETER 
SPLIT SPOON ONE FOOT UNLESS A SPECIFIC PENETRATION IS INDICTED 


P PUSHED OR PRESSED - » 
TRACINGS OF SDR 
we PENETRATION UNDER WEIGHT OF RODS REFLECTION RECORDS 
we PENETRATION UNDER WEIGHT OF RODS PLUS 140LB. HAMMER 


27.6 NATURAL WATER CONTENT OF SAMPLE IN PER CENT 
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Fic. 7. Tracings of SDR (Sparker) reflections along with test boring data made in Chesapeake 
Bay for the Chesapeake Bay Highway Crossing. The sub-bottom reflections correlate well with two 
of the drilling parameters, either with the water content (porosity) of the sediment or with the 
resistance to mechanical penetration evidenced by the number of 140 pound hammer blows, free 
falling 30 inches, required to drive a two-inch diameter split spoon one foot. 
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to a reflecting horizon but furnish, as well, positive identification of the horizons. 
It has been found that of the test-boring parameters available in the field, two 
furnish extremely dependable correlation. These are the porosity (water content) 
of the sediments and the resistance to mechanical penetration as evidenced by 
the number of blows required to drive a standard split spoon core sampler. In 
Figure 7 a series of test borings are shown along with the SDR reflection tracings. 
These data were collected for the proposed Chesapeake Bay Highway Crossing! 
(1958). It will be noticed in all cases that an SDR reflection horizon correlates 
with a change in one or the other of the two parameters mentioned. In this par- 
ticular case the accuracy of depth determinations of both SDR reflections and 
test boring data is plus or minus 5 ft. 

In conjunction with sediment coring and drilling operations, the SDR pro- 
vides a valuable guide to the selection of sampling sites. An excellent example of 
this is shown in Figure 8, made in the Beagle Channel (Cape Horn). At least five 
reflection horizons are visible. It is presumed that each corresponds to a glacial 
period; hence, in this relatively short vertical section, the Pleistocene history of 
the area would be preserved. 


SUMMARY AND CONCLUSIONS 


The Sub-bottom Depth Recorder (SDR) has been developed to study sub- 
bottom structures in water covered areas. It offers a choice of two sound sources, 
one using an electrical spark discharge and one a combustible gas explosion. The 
recording circuit offers selection of passband and time-variable gain. These ar- 
rangements give a maximum of versatility to the equipment for use in different 
areas and sub-bottom conditions. 

The SDR has application in the study of geologic structures per se—in the 
interpretation and correlation of coastal structures. In foundation studies the 
SDR provides not only a guide toward the placing of strategically located test 
borings, but it provides an excellent horizontal correlation between borings. 
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S. H. 


ABSTRACT 


The existence of natural magnetic fields in the audio and subaudio frequency range has been 
known for some time. The primary source of energy for these fields is usually considered to be distant 
and local thunderstorms. Because of this origin, the fields are quasi-random with both amplitudes 
and directions changing drastically over short periods of time. Hence, use of these fields in geophysical 
prospecting has been extremely limited. 

A new development, AFMAG, however, essentially eliminates the time variance in recording 
these fields without any sacrifice of the intelligence of their space variance. Since the space variance 
can be correlated with geologic features, AFMAG provides a new method of exploration with par- 
ticular application to prospecting for conductive mineral deposits. 

Instrumentation of the AFMAG method currently is available for both ground and airborne 
operation; the tilt of the plane of polarization of the natural magnetic fields is recorded simultane- 
ously at two frequencies. Examples drawn from airborne and ground surveys show that the method 
has a much greater depth of exploration than its conventional cousin, the induction electromagnetic 
method. Numerous yr ai advantages, such as the possibility of choosing discrete operating frequen- 
cies over a broad band from 1 cps to 1,000 cps, are discussed. The chief disadvantage of the method 
lies in a sometimes restricted daily measuring period during which the fields are of an amplitude too 
low to permit measurement with current instrumentation; this is not a serious problem and is being 
minimized as the technology improves. 


INTRODUCTION 


Electromagnetic surveys, both airborne and ground, have in recent years 
become the primary field activity in exploration for massive sulphides in most 
of Canada. Numerous specific techniques have been applied and most of these 
with success. However, all such methods bear one common inherent limitation: 
Depth of exploration is not great. On the ground this depth of exploration varies 
from 100 to 500 ft depending upon the technique employed. In the air it varies 
from 75 to 200 ft below surface. This limitation is imposed by the finite separation 
necessary between a transmitting coil and a receiving coil in order that the meas- 
urement of coupling between the two be reliable. The larger the separation be- 
tween the transmitter and the receiver, the greater is the inherent depth of ex- 
ploration; but so also are the requirements on signal-to-noise ratio in the receiver 
and transmitted signal strength made greater. Practical considerations associated 
with signal-to-noise ratio and signal strength so limit the useful depth of explora- 
tion to the maximum figures noted above of about 500 ft for ground equipment 
and about 200 ft (subsurface) for airborne equipment. These depths of explora- 
tion are not adequate for general world-wide coverage. 

However, as Slichter (1955) has demonstrated, one of the main factors giving 
rise to a limited signal-to-noise ratio (atmospheric noise) may be put to good use 


as a source of energy to replace the artificially transmitted energy employed in 
* Paper read at the 28th Annual International Meeting of the Society at San Antonio October 14, 


1958. Manuscript received by the Editor November 7, 1958. 
t University of California, Berkeley, California. 
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conventional electromagnetic systems and thereby circumvent the depth 
limitation. 

This has been done with AFMAG (Patent Pending), a product of ten years 
of research by the author and his associates. 

The major problem to be faced in employing this natural energy is that it is 
very rapidly time-dependent. Separating the time-variance from the space- 
variance of these fields is a relatively simple theoretical problem as will be dis- 
cussed below. Practically, however, the problem has been a difficult one; the 
difficulties were compounded by a world-wide lack of basic knowledge of the 
characteristics of the natural fields. 

It is the object of this paper firstly to augment and review the state of knowl- 
edge of the natural audio and subaudio frequency magnetic fields with particular 
reference to the utility of this knowledge in employing AFMAG surveys and 
secondly, to discuss examples of airborne and ground AFMAG surveys. Some 
of the advantages and limitations of the method are thus made apparent. 


NATURE, AND ORIGIN OF NATURAL MAGNETIC FIELDS IN THE AUDIO AND 
SUBAUDIO FREQUENCY RANGE 


Mode of Origin and Propagation 


The rate of publication of articles on atmospheric “noise” in the audio and 
subaudio frequency range has increased markedly in the last five years. Although 
the amount of such data is still limited, we can conclude from it that the following 
are the chief sources of audio frequency atmospheric noise: 

(1) thunderstorms, 

(2) direct audio frequency energy from the sun filtering through the iono- 

sphere, 

(3) the generation of audio frequency magnetic fields by interaction of the 
corpuscular radiation from the sun with the ionosphere in the presence 
of the earth’s main magnetic field, i.e., the gyromagnetic effect (Aarons, 
1956) 
the generation of audio frequency magnetic fields by interaction of 
meteorites and the ionosphere (gyromagnetic effect), 

(5) man-made noise. This could include fields due to urban electrification 
gyromagnetic effect from ionized blasts such as nuclear explosions, je. 
aircraft “vapor trails,” etc. 

World-wide thunderstorms would appear to be by far the most dominant 
source of energy, but this is by no means an established fact. In any event, the 
energy, whatever its derivation, is propagated in a spherical wave guide bounded 
by the surface of the earth and the lower surface of the ionosphere. Attenuation 
of the wave is therefore determined by the height of the lower surface of the iono- 
sphere and by the physical properties of the surface layers of the earth and iono- 
sphere. Neither of these surface layers is homogeneous, and hence, propagation 
is irregular geometrically. Further, the electrical properties of the ionosphere and 
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the height of its lower surface are time variant. Therefore, the attenuation is 
time variant. 

Thus, the writer believes (but has not fully proved) that selective attenuation 
of components is far more important than spatial origin in determining the direc- 
tion of polarization of the natural fields at any point in space. 

The word “polarization” here is meant to refer to a “mean polarization,” 
since the fields at any point in space possess a quasi-random character. The verti- 
cal component of overlapping individual pulses, which constitute the mean field, 
is normally lacking because of attenuation. Some horizontal polarization is 
evident, but is much less definite than the vertical polarization. Polarization be- 
comes much more pronounced near a highly conductive geologic entity and the 
vertical component can become appreciable. Since thunderstorm sources are ir- 
regularly distributed throughout the world, this degree of disorder is to be ex- 
pected. Fortunately, some degree of order exists; the ratio of vertical to (mean) 
maximum horizontal components, at any point in space, remains sensibly con- 
stant with time except when thunderstorms exist overhead. 


Diurnal, Short Period, and Intermediate Period Time Variations in Field Strengths 


A typical 24-hour recording of the time variation of one component of the 
magnetic fields is shown in Figure 1. This recording was made with a narrow 
band-pass (500+5 cps) tuned coil receiver oriented so as to detect the maximum 5: 
horizontal component. Two features of this recording are worthy of note: 

(1) A sinusoidal diurnal variation in amplitude exists. 

(2) Irregular short period variations in amplitude are recorded and appear 

as sharp “‘spikes’”’ throughout the recording. 

It should be stressed that the detector employed was narrow band, and hence 
the recorded 500-cps envelope is smooth relative to the existing pulsations of the 
field. An indication of this relative smoothness is afforded by expanding the time 
base as in Figure 2. 

The irregular short period variation is caused by the almost random occur- F 
rence and distribution of the sources, while the sinusoidal variation is caused by i 
a regular time-variant attenuation associated with changes in the height and L 
electrical characteristics of the lower surface of the ionosphere, as referred to 7 
earlier. 
During the day, the lower ionospheric layer is the D-layer at a mean height of i 


60 km. This high-loss layer disappears at night and the more conductive E-layer 
at 90 km becomes the upper bounding surface of the earth-ionosphere wave guide. 
Hence, typically, field strengths are lower during local daylight hours than at i 
night.! 

1 Although the D- and E-layers are the accepted lower bounding surfaces of the ionosphere by 
day and by night, respectively, they are usually established as such by radar reflections and not by 
audio frequency measuring techniques. For this reason they are not necessarily the bounding surfaces a 


for audio frequency energy, although most audio frequency propagation can be explained on this 
basis. 
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Superimposed on the short period and diurnal variations are irregular varia- 
tions of intermediate periods. These may be caused by intermediate period time 
variance in the electrical properties of the ionosphere, in which case they may 
have the appearance of embayment “A” in Figure 3. Alternatively, they may 
be due to very local thunderstorms. 


Local and Distant Sources 


It is proposed that the total thunderstorm contribution to noise be con- 
sidered as made up of local and distant parts. 

The existence of these parts is clearly demonstrated by an analysis of Figure 
4, The usual diurnal variation is present, but it is largely obscured by erratic and 
marked increases in intensity occurring between 9 a.m. and 12 noon for a station 
located at Lac La Ronge, Saskatchewan. 

An illustration of the existence of distant sources is provided by recordings 
A and B, Figure 5. In this illustration, two stations over 2,000 miles apart detect 
almost identical patterns, although not necessarily identical amplitudes, for a 
period of several days. (Gain settings of the recorders at the two stations have 
not been cross-calibrated and, hence, a comparison of signal strengths is not avail- 
able.) It is known that thunderstorms were not occurring near either site during 
the period of recordings. The two stations were Cross Lake, Ontario, and Tomb- 
stone, Arizona. 

Although diurnal variation in field strength appears to be closely related to 
the development and dissipation of the D-layer of the ionosphere as the sun rises 
and sets, the correlation is not always obvious. For ideal correlation the daytime 
low in field intensity should be related to local time, and in many instances this 
holds true. For the recordings of Figure 5, an absolute time for the domain which 
includes the source of energy plus the two stations of observation needs to be 
considered. For example, events A, B, and C on the two recordings are separated 
by 2 hours and 25 minutes, 2 hours and 20 minutes, and 2 hours and 20 minutes, 
respectively. Since the two stations are situated 2 hours and 12 minutes apart 
geographically, the events A, B, and C occurred essentially simultaneously at 
the two localities. At this time of year (April), the nearest strong center of 
thunderstorm activity (World Meteorol. Organization, 1956) is probably in Cen- 
tral and South America (see Figure 6). Presumably the mean electrical character- 
istics and mean height of the ionosphere over a broad region spanning at least 
both North and South America must be considered. Note the disappearance of 
the regular diurnal pattern from 6 p.m., April 26, to 8 a.m., April 27 (times refer 
to the Tombstone record only, but the same phenomenon occurs on both 
recordings). 

The “distant” sources are, in the literature, usually considered to be the three 
major world thunderstorm centers of Africa, South America, and the East Indies 
(see Figure 7). To provide a qualitative measure of the effect of the distance of 
one of these sources on the strength of the field at any point, the author made 
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A—CROSS LAKE, ONTARIO 


B-TOMBSTONE, ARIZONA 


Fic. 5. Correlation of magnetic noise field strength between stations at Cross Lake, Ontario and 
Tombstone, Arizona for period of three days. 
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Fic. 6. World wide distribution of average number of thunderstorm days for month of April. (After 
World Met. Org.) Contour values 1, 5, 10, 15, 20. 


measurements near Kitwe in Northern Rhodesia during the months of July, 
August, September, and October of 1957. July in Northern Rhodesia is @ mid- 
winter month and seldom contains any thunderstorm activity (see Figure 8). 
At this time of year the center of the African thunderstorm activity is farther 
north. As October arrives, the thunderstorms in Northern Rhodesia become 
frequent and occur mostly about 4 P.M., local time. Violent bursts of lightning 
and thunder, accompanied by torrential rain, occur overhead most afternoons in 
the latter part of October (see Figure 9). Thus from July to October the thunder- 
storm energy center has moved south by perhaps 500 to 1,000 miles. A marked 
increase in audio frequency magnetic ‘“‘noise” should, then, accompany this 
phenomenon. Such an increase may be observed by comparing the mean diurnal 
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Fic. 7, World wide distribution of average number of thunderstorm days per year. (After World Met. 
Org.) Contour values 1, 5, 10, 20, 40, 60, 80, 100, 120, 140, 160, 200. 


variations of magnetic noise at 175 cps for the months of July and October (see 
Figure 10). Note that, although there is a general increase in level throughout 
the day from July to October, the maximum increase occurs about 4 P.M., the 
time of the daily peak in thunderstorms. This feature is emphasized by plotting 
the difference of curves for July and October of Figure 10 as has been done in 
Figure 11. Obviously, the proximity of the 4 o’clock sources during October has 
led to a greatly enhanced “noise”’ level. 


Secular Variations in Field Strength 


Figures 1, 3, and 4 illustrate diurnal, intermediate period, and short period 
variations. By study of numerous graphs of this type, it is possible to establish 
that a secular variation in signal strength exists at any point in space. Perhaps 
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Fic. 8. World wide distribution of average number of thunderstorm days for month of July. (After 
World Met. Org.) Contour values 1, 5, 10, 15, 20. 


the clearest illustration of the existence of secular variation is obtained by plotting 
the monthly mean field strength for any hour of the day. Such has been done for 
a station at Orangeville, Ontario, for the period February, 1957, to February, 
1958, inclusive. The midnight and midday graphs of Figure 12 bear a marked 
resemblance to each other and portray a mean field strength during July, 1957, 
which is 20 db above the mean field strength for February, 1957, for the particular 
hours considered. The same general relationship holds true for all other hours of 
the day. Recordings have not been taken over a sufficiently long period to permit 
comment on the observed level increase from February, 1957, to February, 1958. 


Source Spectrum and Frequency Selective Attenuation 


One other facet of the origin and propagation of the “noise’’ fields is im- 
portant to the application of AFMAG: frequency selective attenuation with 
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Fic. 9. World wide distribution of average number of thunderstorm days for month of October. 
(After World Met. Org.) Contour values 5, 10, 15, 20, 25. 


distance, and frequency distribution of magnetic noise from a lightning discharge. 
Holzer, Deal, and Ruttenberg (1957) have studied attenuation in the range 45 
cps to 6,000 cps and produced the data of Figure 13. Howe and Wait (1957) and 
Wait (1956) have developed a mathematical model of the earth-ionosphere wave 
guide which provides confirmation of these data. Watt and Maxwell (1957) plus 
Chapman and Macario (1956) have obtained experimental evidence which clearly 
illustrates the effects of both source spectrum and frequency-selective attenuation 
on the amplitude-frequency plot of atmospheric noise at any point in space (see 
Figure 14, after Chapman and Macario). 

From Figures 13 and 14 we may conclude that if signal strength is a critical 
factor, then AFMAG should employ frequencies near the peak of the amplitude- 
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Fic. 10. Diurnal variation of natural magnetic noise obtained with coils tuned to 175 CPS. 
Kitwe, Northern Rhodesia—1957. 


frequency plot. Little data are available from 45 cps down to 1 cps, but what is 
available suggests a decrease in signal strength with decrease in frequency in 
this region. Hence, a range of frequencies of from, say, 10 cps to 500 cps is 
suggested for use in prospecting. 


AFMAG DESIGN FACTORS 


Minimizing the Effect of Time Variations 


The first and foremost problem to be faced in attempting to utilize the 
natural magnetic ‘‘noise”’ fields is effective elimination of short period time varia- 
tions from the quantity measured. The short-period time variations in amplitude 
frequently produce 40-db changes in recorded signal level, whereas a sizeable ore 
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Fic. 11. Local thunderstorm contribution to diurnal variation of natural magnetic noise obtained 
with coils tuned to 175 CPS. Kitwe, Northern Rhodesia—1957. 


body may produce no more than 6-db change in recorded level. It thus becomes 
imperative to introduce a comparator measuring technique wherein the time 
variations affect two detectors identically, yet space variations affect them dif- 
ferently. Cagniard (1953) accomplished this in the magneto-telluric method by 
“comparing the horizontal components of the magnetic and electric fields asso- 
ciated with the flow of telluric currents.” It is accomplished in AFMAG by the 
simple expedient of measuring the tilt of the plane of polarization of the natural 
alternating magnetic fields (this is achieved by measuring the ratio of two com- 
ponents of the magnetic field).? 

In the airborne version of AF MAG, the orientation of coils is that shown in 
Figure 15, and hence the components detected are those at 45° to the horizontal 


? Cagniard’s concept is that telluric currents are the primary source of energy, whereas the writer 
employs the concept of alternating magnetic fields caused by atmospheric electrical discharges as the 
primary source of energy. Under the latter concept, the existence of telluric currents is only a neces- 
sary phenomenon in the anomalous state and not in the normal state. This difference of concept is 
of considerable significance in the application and interpretation of AFMAG and magneto-telluric 
surveys, since Cagniard presupposes a horizontally uniform current sheet, whereas anomalies sought 
by AFMAG are those associated with deviations from a uniform or zero current sheet. Cagniard 
intended his method for use in uniform horizontally stratified sedimentary basins, whereas AFMAG 
is intended to locate variations from such horizontal uniformity. 
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Fic. 12. Secular variation of natural magnetic noise obtained with coils tuned to 500 CPS. 
Orangeville, 1957-1958. 


in the direction of flight. The manner in which these components are compared 
electronically is such that the deflection of a pen on a chart recorder is approxi- 
mately proportional to a, the tilt of the plane of polarization. Since short-period 
time variations of signal strength affect both coil systems simultaneously, and 
to the first order by the same amount, the output of the comparator of Figure 15 
approaches zero for such changes in amplitude of the natural fields. Time varia- 
tions of amplitude are thereby eliminated to a first order from the quantity 
recorded. 

On the other hand, should the direction of polarization in the vertical plane 
through the two coils vary with time, then these variations would be recorded. 
Fortunately, for all but very local noise sources, these polarization variations are 
of the second order and are of a shorter period than true anomalies; they may be 
largely eliminated by electronic smoothing. Nevertheless, they may preclude use 
of airborne AFMAG occasionally. 

Also, of course, because it is impractical to construct two truly identical elec- 
tronic systems, very large changes in signal strength are sometimes recorded de- 
spite the employment of the comparator system. Again, such changes are almost 
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body may produce no more than 6-db change in recorded level. It thus becomes 
imperative to introduce a comparator measuring technique wherein the time 
variations affect two detectors identically, yet space variations affect them dif- 
ferently. Cagniard (1953) accomplished this in the magneto-telluric method by 
“comparing the horizontal components of the magnetic and electric fields asso- 
ciated with the flow of telluric currents.’’ It is accomplished in AFMAG by the 
simple expedient of measuring the tilt of the plane of polarization of the natural 
alternating magnetic fields (this is achieved by measuring the ratio of two com- 
ponents of the magnetic field).? 

In the airborne version of AFMAG, the orientation of coils is that shown in 
Figure 15, and hence the components detected are those at 45° to the horizontal 


2 Cagniard’s concept is that telluric currents are the primary soutce of energy, whereas the writer 
employs the concept of alternating magnetic fields caused by atmospheric electrical discharges as the 
primary source of energy. Under the Jatter concept, the existence of felluric currents is only a neces- 
sary phenomenon in the anomalous state and not in the normal state. This difference of concept is 
of considerable significance in the application and interpretation of. AFMAG and magneto-telluric 
surveys, since Cagniard presupposes a horizontally uniform current sheet, whereas anomalies sought 
by AFMAG are those associated with deviations from a uniform or zero current sheet. Cagniard 
intended his method for use in uniform horizontally stratified sediméntary basins, whereas AFMAG 
is intended to locate variations from such horizontal uniformity. 
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in the direction of flight. The manner in which these components are compared 
electronically is such that the deflection of a pen on a chart recorder is approxi- 
mately proportional to a, the tilt of the plane of polarization. Since short-period 
time variations of signal strength affect both coil systems simultaneously, and 
to the first order by the same amount, the output of the comparator of Figure 15 
approaches zero for such changes in amplitude of the natural fields. Time varia- 
tions of amplitude are thereby eliminated to a first order from the quantity 
recorded. 

On the other hand, should the direction of polarization in the vertical plane 
through the two coils vary with time, then these variations would be recorded. 
Fortunately, for all but very local noise sources, these polarization variations are 
of the second order and are of a shorter period than true anomalies; they may be 
largely eliminated by electronic smoothing. Nevertheless, they may preclude use 
of airborne AFMAG occasionally. 

Also, of course, because it is impractical to construct two truly identical elec- 
tronic systems, very large changes in signal strength are sometimes recorded de- 
spite the employment of the comparator system. Again, such changes are almost 
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Fic. 13. Amplitude-Frequency plot of natural audio frequency magnetic noise. (After Holzer, 
Deal and Ruttenberg.) 


always associated with a high proportion of local noise relative to distant noise 
and can be reduced by electronic smoothing. 


Securing Adequate Signal-to-Noise Ratio 


Up to this point in our discussion we have used the word “‘noise’’ to apply to 
natural alternating magnetic fields or ‘‘atmospheric noise.’’ Conventionally the 
term “noise” also includes the following: 

(1) thermal agitation noise in the detecting coils, 

(2) thermal agitation noise in the input circuit of the first amplifier, 

(3) tube noise in the first amplifier, 

(4) noise mechanically induced in the detecting coils (this may include mag- 
netostrictive effects; vibrations of the coils and/or nearby ferrous objects 
in the earth’s main magnetic field, plus changes in the effective area of 
the coils), 

(5) aircraft noise (this may include the electromagnetic field of the ignition 
system plus the movement of the aircraft, as a metallic “anomaly,” 
relative to the detecting coils), 
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Fic. 14. Model showing source spectrum and attenuation of field of average daytime lightning stroke. 
(After Chapman and Macario.) 


(6) geologic noise. 

For the purposes of this discussion “‘atmospheric noise” is considered as the 
signal and the remaining six items as true noise. 

Geologic noise is the background of minor anomalies of no significance upon 
which the significant anomalies are superimposed. This is an inherent limitation 
in any geophysical system and is usually removed by some form of human 
smoothing. In airborne AFMAG a minor amount of geologic noise normally is 
removed by electronic smoothing, but this is adjustable. 

Aircraft noise is minimized by placing the detecting coils in a “bird” trailed 
some 200 to 500 ft beneath and behind the aircraft. Ignition noise is also sup- 
pressed by standard methods as far as possible. 

Mechanically induced noise is minimized by: 

(1) ensuring that mechanical resonances lie well beyond the bandwidth of 

frequencies admitted by the high Q detecting circuits, 

(2) appropriate design of coils to ensure rigidity and no significant magneto- 

striction (if iron cores are employed). 
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Fic. 15. Simplified representation of measurement of tilt (a) of plane of polarization in direction of 
flight by airborne AFMAG system. 


Correct design of the input circuit and choice of tubes can ensure that tube 
noise in the first amplifier and thermal agitation noise in the input circuit are both 
small relative to thermal agitation noise in the coils. 

Thermal agitation noise in the detecting coils is then left as the fundamental 
limitation on a high signal-to-noise ratio. An extremely high ratio of pickup 
factor (turns-area-frequency product) to resistance of an individual coil can 
eliminate this factor entirely, but only at the expense of an impractical weight 
of wire in the coil [see Slichter (1955)]. Thus coil thermal agitation noise theoreti- 
cally remains as the basic limitation of the detecting system. When the atmos- 
pheric noise drops to a level which is of the order of only 6 db above the coil 
thermal agitation noise, then measurements of atmospheric noise are precluded. 
This does occur for both airborne and ground AFMAG as the atmospheric noise 
reaches its lows in secular and some diurnal variations. However, with airborne 
AFMAG, the vibration of the detecting coils in the very strong earth’s main 
magnetic field frequently, if not usually, produces noise which is somewhat above 
the level of the thermal agitation noise of the detecting coils. Hence, in practice 
this factor usually dictates the times at which the airborne system becomes in- 
operative. This is understandable when one considers that the earth’s main field 
is, say, 6X10“y whereas the thermal agitation noise is at a level which would 
permit detection of a field of less than 10-°y. Mechanical and electrical discrimi- 
nation cannot always be adequate to work against a factor of nearly 10’. Of 
course, the more turbulent the air, the greater and more rapid is the angular rota- 
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tion of the detecting coils in the earth’s main magnetic field and consequently 
the greater is this particular noise contribution. 

Secular variations in field strength limit the annual period of applicability 
of the method. Up until the last six months, the use of gound AFMAG has been 
limited to the period April 1 to November 1, and airborne AFMAG from about 
May 1 to October 1 in Northern Canada. Recent equipment improvements 
suggest that use of goound AFMAG may be extended appreciably beyond these 
limits. Naturally, in regions closer to year-round thunderstorm sources, AFMAG 
conceivably could be employed without interruption. Experience with early 
model AFMAG units in Northern Rhodesia suggested that even under local 
midwinter field conditions, six hours of daylight operation were to be expected 
on the average. 


Dynamic Range Requirements on Amplifiers and Detectors 


The field intensities at any point in space can vary by several tens of times 
over periods of a fraction of a second. Narrow band pass circuits reduce these 
extreme variations considerably (Fulton, 1957), but even so, the dynamic range 
of voltage from the pickup coils places strenuous requirements on linearity of 
amplifiers and detectors. This is particularly true in a comparator system where 
any non-linearity existing must be identical in the two channels in order not to 
result in poor cancellation. Various electronic dodges may be introduced to over- 
come this difficulty but each leads to additional complexity and/or difficulties. 
Thus dynamic range of signal strength can, on rare occasions, lead to difficulty 
of measurement. 

In this regard, distant sources would appear to produce fields of lesser dynamic 
range than local sources. However, this point requires further study before any 
quantitative information can be offered. Quite possibly the more regular fields 
of distant sources are due to the greater number of initiating events. The time 
interval between individual pulses and the dynamic range of these pulses both 
require consideration in prospecting instrumentation. Obviously a long interval 
between pulses can lead to difficulties in measurement or to erroneous recordings 
since if the time interval were infinite, only the meaningless ratio of thermal 
agitation noises in the two detecting coils would be measured. This difficulty has 
been experienced at times of extremely low field strengths. 


Choice of Frequencies for Prospecting 


It may be said that the AF MAG method is similar to a conventional inductive 
electromagnetic method with the transmitter removed to infinity. This analogy 
provides a useful concept for interpretative procedures. Typically, inductive 
electromagnetic systems employ a frequency of 400-1,000 cps if of the single 
frequency type, and of 400—1,000 cps and 2,000-5,000 cps if of the dual frequency 
type. It is known from work in these frequency ranges that an increase in the 
transmitter-receiver spread is equivalent to an increase in the frequency when 
tracing long linear conductors. For instance, at a spread of 200 ft a poorly con- 
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ductive fault zone may not be detectable at 1,000 cps. On the other hand, increas- 
ing the spread to 600 ft or the frequency to, say, 2,000 cps may raise the response 
of the fault above the lower limit of detectability. Other similar examples might 
be cited. Hence to provide the same range of responses, AF MAG should operate, 
because of its effective infinite spread, with somewhat lower frequencies. On the 
other hand, the frequencies should not be lowered too far or significant anomalies 
will begin to drop out. Hence nominal operating frequencies of 500 cps and 150 
cps have been chosen and are employed simultaneously in one instrument. 

In order to minimize pickup of fields of power lines, the actual operating 
frequencies are adjusted to 150 cps and 510 cps to avoid harmonics of 60 cps 
power line fields and to 175 cps and 475 cps to avoid significant harmonics of 
25 cps and 50 cps power line fields. Even so, AFMAG surveys may meet with 
some interference near power lines—and for that matter near some telegraph and 
telephone lines. Of course, in some instances, the artificial fields of power lines 
can be used to advantage to replace the natural fields. Conductivity analysis of 
buried conductors, normally provided by comparing the ratio of the 150 cps to the 
510 cps responses, is more difficult to apply in these power line areas. 

For some problems, use of still lower frequencies may be desirable. This seems 
to be feasible, at least down to 10 cps, as indicated earlier. Beyond that range 
possibly lies hope for application of AFMAG to deep petroleum exploration. 
Even with frequencies currently employed, exploration for saline domal structures 
at depths as great as 3,000 to 5,000 ft would appear to be practicable. 


RESULTS OF FIELD SURVEYS 
Ground Surveys 


Numerous examples of ground surveys and field techniques were presented 
in an earlier paper by the author and his associates (Ward et al 1958). The reader 
is referred to these results which demonstrate fairly well the advantages and 
limitations of gound AFMAG surveys. Hence only one illustration is presented 
herein of results obtained with ground equipment; Figure 16 contains dual fre- 
quency AFMAG dip angle profiles obtained over a tabular pyrite-pyrrhotite 
sulphide body. Standard interpretative procedures used on data from vertical coil 
electromagnetic surveys may be applied (with some modifications) to data from 
AFMAG surveys. Thus the following analysis is derived: 

(a) The lateral positions of the conductor-axes are located readily from the 
tilt angle “crossovers” at the two frequencies. The shift between the two cross- 
overs is indicative of inhomogeneity of the conductive body. 

(b) Conductivity is estimated semi-quantitatively by recording the ratio of 
peak-to-peak tilt angle amplitudes at the two frequencies. For this example, the 
ratio is 


7+ 35 
23+ 34 


0.74. 


(c) Depth to the top of the conductor can be estimated from the slope of the 
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“crossover.” A depth perhaps as shallow as 25 ft is interpreted from Figure 16. 

(d) Depth extent affects the slope of the profile beyond the peak and can be 
estimated provided the profile is of sufficient length. 

(e) The effective dip of the conductive body at each frequency is determined 
by measuring the assymmetry of the profile at that frequency. An expression of 
this is, 7/30 at 150 cps, and, 23/34 at 510 cps, both indicating a dip to the east. 
Comparison with scale model experiments leads to a quantitative interpretation 
of these latter figures. Usually a gross inhomogeneity of the sulphide body would 
lead to such a marked difference in dips interpreted from the two profiles. In this 
example, however, the effect of an adjacent conductor near 4+OOE probably is 
also affecting the two profiles to a different degree and hence rendering the normal 
analysis invalid. However, the example is included because it is a good one for 
demonstrating the principles of interpretation. 


Airborne Surveys 


As discussed in the earlier paper (Ward et al 1958), the technique of measure- 
ment on the ground is first to determine the mean azimuth of polarization, then 
to determine the tilt of the plane of polarization in that azimuth. This procedure 
is repeated at discrete intervals and the tilt angle readings plotted up in profile 
form. 

Airborne operation requires modification of this procedure. Rather than de- 
termine, by horizontal polarization measurement the azimuth in which tilt angle 


readings are to be recorded, the tilt angles are measured in the direction of flight. 

The flight direction is chosen perpendicular to strike of regional geologic fea- 
tures, which in turn tend to align the noise fields perpendicular to themselves. 
Thus the measurements are, on the average, made in the azimuth of mean 
polarization. It should be borne in mind here that the horizontal polarization is 
not a definite direction for all noise pulses, but is a mean direction for them. 
Hence the compromise adopted for the airborne system is a reasonable one. 

The tilt of polarization, which is clearly defined and is zero in the normal state, 
is recorded continuously on a paper tape. In fact, two such recordings are made, 
one for each of the two operating frequencies. In addition, the signal strength at 
each of the two frequencies is monitored continuously so that gain settings can 
be made appropriate to the noise field levels. These signal strength recordings 
also afford the interpreter the opportunity to study abnormal behavior of the 
noise fields and so assess the importance of such field characteristics as dynamic 
range and interval between pulses. 

Centering of the tilt angle recordings on the paper tapes is made arbitrarily 
at the start of each flight line in an area assumed to present only zero tilt angles. 
Obviously some centering or zero error can arise by this procedure, but since only 
changes in the tilt angles are indicative of buried conductors, the absolute level 
is relatively unimportant. In any event the absolute level can often be determined 
by inspection of the paper tapes. In addition the centering control is calibrated 
in terms of equivalent change in tilt angles. 
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Mean terrain clearance, as measured by a radio altimeter is continuously re- 
corded. The customary positioning by strip film is employed. 


Typical Recording 


Two adjacent paper tape recordings from an airborne survey are shown in 
Figure 17, where some of the items discussed above are indicated. The locations 
of conductive bodies are determined by noting the mid-point of an inflection in 
the tilt angle profile as has been done on the tapes. Only an inflection from nega- 
tive on the left to positive on the right is significant according to the convention 
adopted for recording the tilt of the plane of polarization (opposite convention 
normally adopted for ground data). Semi-quantitative estimates of conductivity 
are again provided by measuring the ratio of peak-to-peak amplitudes of the 
anomalies at the two frequencies, i.e., 


150 cps 
510 cps 


These values will range from 0 to 1, as the conductivity increases from very poor 
to excellent. Such values are noted on the paper tapes. Depth and depth extent 
estimates are made according to the criteria discussed for the ground survey 
data. Dip estimates could be made but are seldom necessary in interpretation of 
these airborne profiles. 


Decrease of Anomaly with Aircraft Height 


To determine the decrease of response of a long linear conductor with altitude, 
the test depicted by Figure 18 was made. It is interesting to note that the anom- 
aly is detectable at aircraft altitudes as great as 3,000 ft (bird height approxi- 
mately 250 feet less in all cases). The amplitude fall-off law is of the order of the 
inverse first power of altitude as predicted by theory. For conductors approaching 
a more spherical shape the fall-off should be governed by an inverse cube law and 
hence a conductive ore lens of the order of one-quarter mile in maximum dimen- 
sion would cease to give a recognizable anomaly signal at altitudes of the order 
of 1,000 ft or greater. This would appear to be borne out by experimental evi- 
dence over the Mattagami orebody in Northern Quebec. 

In contrast, airborne electromagnetic surveys seldom record a response when 
the aircraft is at an altitude in excess of 750 ft. Thus, as much as another order of 
magnitude in depth of exploration for massive sulphide bodies is available with 
AFMAG compared to conventional electromagnetic surveys. 


Comparison of Airborne AFMAG and EM Data 


A comparison of airborne AFMAG and airborne electromagnetic anomalies 
over the Whistle Mine, near Sudbury, Ontario, is provided in Figure 19. Note 
that the influence of the ore zone is measured at a much greater lateral distance 
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Fic. 18. Variation of anomaly with aircraft altitude over long linear conductive body. 


from it with AFMAG than with a conventional airborne electromagnetic system. 
Thus, greater lateral range is indicated; this leads to a greater probability of 
detection of such orebodies. Note also the greater percentage of total field that the 
anomaly is with AFMAG as opposed to EM. 
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Fic. 19. Comparison of airborne EM* and airborne AF MAG responses 
over Whistle Mine, Sudbury District. 


* After Slichter, 1955. 


CONCLUSION 


Although there is much to be learned concerning the basic theory, application, 
and interpretation of AFMAG, production airborne and ground surveys with 
the system over the past three years have demonstrated its utility as a means of 
locating and evaluating buried conductors. 

On the basis of the evidence presented in Figure 18, it would appear practical 
to explore for mining targets in mountainous terrain where aircraft terrain clear- 
ances of necessity must be extremely variable and sometimes large. Similarly, 
depths of exploration in areas of deep oxidation or areas of deep valley fill are 
adequate to reach targets which up to now have been excluded from aerial elec- 
trical prospecting. It seems reasonable to speculate that such petroleum explora- 
tion targets as saline domal structures, in view of their large size, may be detect- 
able at depths of the order of 3,000 to 5,000 ft. No experimental work has been 
performed in this respect as yet. 

AFMAG may provide a greater probability of detection of certain ore zones 
when investigations are carried out on a standard grid pattern. 

To achieve these major advantages requires, at present, a concession in the 
times of the year during which the method may be fruitfully employed. In par- 
ticular, the winter months in temperate climates are not currently satisfactory 
operating times, unless observations are made at night. A few summer days or 
portions thereof similarly may be unsuitable for observations because of excessive 
reduction in the strengths of the natural fields. These problems are not of sig- 
nificant importance in tropical and sub-tropical areas where the system is likely 
to have its greatest application. 
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COMMENTS ON “AFMAG-AIRBORNE AND GROUND” 
BY S. H. WARD 


Dr. S. H. Ward has kindly shown me the manuscript of the preceding paper 
and has invited me to comment on the origin of the natural audio-frequency 
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signals used by his AFMAG system. He lists five possible sources of signals. Of 
these, the only natural sources of practical importance in the frequency range 
under consideration are lightning strokes. Man-made noise may be important 
in the vicinity of cities or industrial areas. 

Dr. Ward correctly states that signal attenuation is greater during the day 
in the presence of the D region of the ionosphere than at night when the D region 
disappears. This leads to a characteristic diurnal variation of signal strength 
with larger amplitudes at night than during the day provided that the frequency 
band used is above 100 cps and provided that there is no large area of thunder- 
storm activity within roughly 3,000 miles of the receiving station. Figure 3 is a 
good illustration of the effect of relatively close thunderstorm activity on the 
simple diurnal oscillation described above. After the nighttime maximum, the 
received signal strength decreases in part, at least, due to the development of the 
D region after sunrise. Instead of remaining at a low value throughout the day, 
the signal strength once more rises shortly before noon due to the development 
of the usual summer thunderstorms in the eastern part of the North American 
continent. The record shows a secondary maximum in the afternoon hours when 
North American thunderstorm activity is at its peak. As storm activity in the 
mid-continent subsides, there is a rapid drop in signal strength to a minimum 
(marked A) close to local sunset. With the disappearance of the D region the 
curve once more rises toward its nighttime maximum. I do not believe that there 
is evidence to support the interpretation of the embayment A as an increase in 
signal attenuation around sunset. 

It is interesting to note that the ‘‘normal”’ diurnal pattern described above 
disappears if the frequency range lies between 5 and 100 cps. The signal attenua- 
tion, of the order of 1 db per 1,000 km at 100 cps becomes even lower as the fre- 
quency decreases and signals in this range are received from lightning strokes in 
all parts of the world. For the special case of a receiving station nearly 90 degrees 
from the nearest thunderstorm region, the mean signal amplitude is roughly 
proportional to the total number of thunderstorms in progress over the world. 
This leads to a diurnal oscillation on universal rather than local time. The maxi- 
mum occurs near 20 hours U. T. and the minimum near 4 hours U. T. On the 
North American Continent, the phase of the diurnal oscillation below 100 cps 
is nearly opposite the normal local time oscillation... 

My criticisms of the interpretation of the typical signal records do not, of 
course, extend to Dr. Ward’s most ingenious development and use of the AFMAG 
system. 


RoBert E. HOLZER 

Institute of Geophysics 
University of California 
Los Angeles, California 
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AUTHOR’S REPLY* 


Dr. Holzer’s comments are very appropriate and much appreciated. 

The interpretation of diurnal variations of field strength is often subject to 
certain speculations. Dr. Holzer’s extensive work in this field has minimized the 
speculations necessary, so that his interpretation of Figure 3 would sound more 
logical than my own. 

However, in interpreting any such records it is absolutely essential that the 
effect of instrumentation on the recorded variations be appreciated fully. For the 
diurnal records produced in this report, an instrument with a time constant of 
the order of six seconds was employed. Widely separated individual bursts of 
energy might be smoothed from the record entirely. Thus during the time of 
embayment A of Figure 3 there might well have been some substantial local 
activity producing pulses more widely separated than those occurring earlier 
during the day. 

In one recent example, obtained subsequent to writing this paper, a very 
local thunderstorm, involving largely ‘‘sheet” lightning, produced a record with a 
decrease similar to embayment A for the duration of the storm. Presumably in 
this latter event, the increased ionization of the very local atmosphere led to 
attenuation of signals from sources more than a very few miles away. At the 
same time the long time constant of the instrument removed any obvious in- 
dication of the individual lightning flashes occurring overhead. Speculating still 
further one might assume that had the lightning been largely of the “fork” type, 
then the attenuation might not have been so evident since ionization possibly 
would not have been so all pervading locally. 

Provided one is prepared to so speculate, then an explanation for embayment 
A, similar to that originally given, may yet be valid. However, I am now inclined 
to favor Dr. Holzer’s explanation. 

Finally, it should be borne in mind that narrow-band, tuned coils and ampli- 
fiers were employed for the records contained in this paper. Thus these records 
should not be compared directly with records obtained with broad-band 
equipment, 


* Received by the Editor July 2, 1959. 
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INDUCED POLARIZATION, A STUDY OF ITS CAUSES* 


DONALD J. MARSHALL anp THEODORE R. MADDENt 


ABSTRACT 


The causes of induced electrical polarization include not only the polarization of metal-solution 
interfaces, but also effects associated with the coupling of different flows. Electro-osmotic, thermal 
electric, and ion diffusion effects are among such examples. A study of the physical properties of 
geologic materials indicates that only electrode interface and diffusion flow phenomena are impor- 
tant sources of induced polarization effects. 

It was attempted to find characteristic differences between these two phenomena. Theoretical 
and experimental considerations show that the kinetic processes involved are quite similar in the two 
cases. This leads to difficulties in identifying the polarizing agent from electrical measurements, 
although the effects of well mineralized zones are easily recognized. 


INTRODUCTION 


During the past ten years an increasing interest has developed around the 
geophysical applications of electrical measurements that go under the popular 
name of induced polarization measurements.' The primary motivation has been 
the application of these measurements to the detection of sulphide mineraliza- 
tion. It is believed that the pheuomenon taking place when electric current passes 
through a mineralized zone is essentially the same phenomenon that occurs at 
a polarized electrode (Bleil, 1953). 


A polarized electrode is one that hinders the flow of electric current between 
the electrode and the solution in which it is immersed. Chemical or electro- 
chemical barriers exist which the current carriers must overcome in order to 
allow current flow to pass across the electrode-liquid interface. Forcing a net 
current flow to take place across this interface entails an added voltage drop 
above and beyond that needed to overcome the ohmic losses in the solution and 
in the electrode. This additional voltage is called the overvoltage. 

The picture that is used to explain the induced polarization effects in miner- 
alized rocks involves the ionic current flow in the rock polarizing the metal par- 
ticles within the rock. When the inducing current is turned off, the overvoltages 
that were set up fall off with time. Since it also takes a finite time to build up 
these overvoltages, one finds that the impedance of these zones decreases with 
increasing frequency, so that the measurements can also be made in the frequen- 
cy domain. Qualitatively then, these effects behave somewhat as the ordinary 


* Manuscript received by the Editor February 6, 1959. 

+ Nuclide Analysis Associates, State College, Pa. 

Dept. of Geology and Geophysics—M.1.T. 

1 The term induced polarization is perhaps a poor one, because it has so many different connota- 
tions. It would be more descriptive if we used the expression, induced electrical interfacial polariza- 
tion, but we shall not attempt to force such a tongue-twisting term on our fellow geophysicists. In any 
case the measurements involve the transient or frequency dependent electrical properties of the 
ground. 
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dielectric property of the materials. These effects, however, occur at audio and 
sub-audio frequencies which are much too low for the ordinary displacement 
currents to be of any significance. Irrespective of the origin of the phenomenon, 
any time dependent or frequency dependent behavior of the electrical impedance 
of rock materials at these low frequencies is referred to as an induced polarization 
effect. 


INDUCED POLARIZATION MEASUREMENTS AND PARAMETERS 


Before going on to the more general study of the possible causes of these 
effects, it seems worthwhile at this point to review some of the measurement 
techniques and to correlate the widely different ways of describing the observed 
polarization effects that are in current use. Results of field measurements will 
also be presented to demonstrate the usefulness of these measurements in mining 
exploration. 

Several different techniques are used to measure these effects, and several 
different parameters are used to describe the results of these measurements. 
When the measurements are made in the time domain, it is a common procedure 
to turn the current source on for a period, and then turn it off for a period before 
starting a new cycle with opposite polarity. The voltage remaining just at the 
beginning of the off-period, or at some fixed interval later, is often measured and 
compared with the on-period voltage. The polarization is evaluated in terms of 
mv/volt. Another practice consists of integrating the off-period voltage. The 
polarization effects are then evaluated in terms of mv-sec/volt. 

When the measurements are made in the frequency domain it is the usual 
practice to compare the impedance at some alternating frequency with that of 
some very low frequency which is often referred to as the dc impedance. The 
effect is then evaluated as a certain percentage increase in the conductance at 
the ac frequency. Sometimes phase shift measurements are made. These phase 
shifts are usually very small, of the order of one degree or less. 

The significance and the interrelation of these varied parameters can be 
better understood if the ideas used to describe the polarization of a mineralized 
zone are transcribed into an equivalent circuit (see Figure 1). 

In Figure 1, R’ stands for the impedance of the complete rock section. It is 
made up of unblocked ionic conduction paths, R, in parallel with other paths, Z, 
which are blocked by metallic or semi-conducting minerals. R,, stands for the re- 
sistance of the electronic conducting minerals, and R, stands for the resistance 
of the electrolytes in the blocked pore paths. C is the electrode capacitance and 
Renem represents the hindrance to the transfer of electrons between the metallic 
mineral and the solution. 

Because time and frequency domain data are related to each other, when the 
phenomenon is linear, through the Fourier transform, we can expect to derive 
frequency information from the transient measurements or vice versa. There is 
not an exact one to one correspondence between a point in the frequency domain, 
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and a point in the time domain, but there is often an approximate one. The per- 
centage frequency effect and the mv/volt parameters are found to be closely 
related (Madden and Marshall, 1958). If the percentage decrease in impedance 
is used instead of the percentage increase in conductivity, the relationship is 
given as percent effect at frequency /;0.1 mv/volt value at 4;=1/2zf;. 

The integrated decay voltage is a little different. It is not unlikely that 
Renem>Rn+R., so that the dc impedance of Z=Z(0) is approximately equal to 
Renem: If we make this assumption, and if the integration is carried out long 
enough, we have that the mv-sec/volt value=1,000 CR. 

In all these parameters we have a large role played by R, the resistance of 
the unblocked paths. Small values of R can short circuit the polarizing effects, 


ROCK 
R'(o)-R(f) _ Z(0)-Z(f) 
Cc TI 
ONDUCTION PATHS 


Rif) 
electronic” 


EQUIVALENT CIRCUIT R' IN OHM FEET 


FOR Z(o) >> 2Z(f) 
M.-F. = 1/Z(f) 


Fic. 1. Diagrammatic representation of section of conducting paths in rock, and the 
equivalent circuit. 


resulting in very small parameter values, while a very tight rock may give large 
frequency effects without many metallic minerals being present. Since R is in 
parallel with Z it would seem advisable to look at the change in conductivity of 
R’, for this is just the change in conductivity of Z. When the measurements 
are made in the frequency domain, this is simply done, and is equal to the fre- 
quency effect divided by the dc resistivity. To give reasonably sized values, 
this parameter is defined as 2x[R’(0)—R’(f)]X10°/R’(0)R’(f) when using 
units of ohm-feet for the resistivity. It is called the ‘metal factor” because of 
its correlation with metallic mineral content. Using the assumptions previ- 
ously mentioned concerning the parameters of Figure 1, the metal factor, mf. 
2X 10°/Z(f), and is therefore proportional to the ac conductivity of those 
paths that are blocked off by metallic minerals. The more metal a rock contains, 
the more paths that will be blocked, and thus the higher the metal factor. As 
the metallic content continues to increase, the individual paths will have higher 
ac conductivities, and this two-fold effect starts to skyrocket upwards the values 
of the metal factor. This is helpful in increasing the signal-to-noise ratio between 
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the effect of well mineralized zones, and the effect of only slightly mineralized 
zones. This parameter does favor the rocks having conductive electrolytes in 
the pores, and thus it is not quite so useful when dealing with sedimentary rocks. 

Some typical metal factor values evaluated at 10 cps encountered in igneous 
areas are shown in Table I. 

Similar parameters can be evaluated from the transient measurements. The 
only one that seems to be used is derived by dividing the mv-sec/volt value by 
the resistivity. This parameter is essentially proportional to C, the interfacial 
capacitance per unit cube, but is more often referred to as the effective zero fre- 
quency dielectric constant. The frequency measurements could also be evaluated 
in terms of an effective dielectric constant, but we specifically wish to avoid the 


TABLE I 
Common MEtaAt Factor Vatues (10 cps) 


Rock Type and Mineralization Metal Factors 
unmineralized granites <1 
unmineralized basic rocks 1-10 
finely disseminated sulphides 10-100 
disseminated sulphides (1-3%) 100-1 ,000 
fracture filling sulphides (3-10%) 1000-10 ,000 
massive sulphides > 10,000 


use of the term dielectric constant in describing these effects. First of all this so- 
called effective dielectric constant is not constant, but varies widely as a func- 
tion of frequency. Secondly, the huge values obtained at low frequencies seem to 
imply a rather anomalous dielectric phenomenon, while actually the only really 
anomalous phenomenon is associated with the resistive properties. The interfacial 
capacitance C is quite large, being of the order of 30 uf/cm’, but is not anomalous 
since the interfacial layer is so thin. The anomalous feature of this layer is its 
high resistance, despite the fact that it is very thin. If it were not for this high 
resistance, the interfacial capacitance, which is no different from the capacitance 
of a similar thickness of ordinary fluid, would play no role. 

In the remainder of this paper the polarizing effects will be referred to the 
frequency domain, and we shall speak of percentage frequency effects and metal 
factors. 


FIELD RESULTS 


The increased resolving power of induced polarization measurements over 
ordinary resistivity measurements in detecting sulphides is demonstrated by 
some field examples shown in Figures 2-7. The data were taken using 100 ft 
dipoles for both the sender and receiver. The data are plotted with the abscissa 
representing the separation between sender and receiver, and the ordinate repre- 
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GLACIAL OVERBURDEN 
BASEMENT ROCKS 


‘ 
APPARENT RESISTIVITY = 21T 


IN OHM FEET 
LOGARITHMIC CONTOURING 


Fic. 2. Resistivity measurements using colinear dipoles, 


senting the center position of the spread. In this way a sort of cross-section of the 
measured apparent electrical parameters are presented. Of course it is not an 
exact mapping, but it bears certain similarities (Hallof, 1957). The actual meas- 
ured values have not been shown, merely being represented by dots, but the con- 
tours of these values are drawn in. In all these examples there is a clear cut ad- 
vantage to the induced polarization measurements. 

The frequency spectrum of these induced polarization effects are spread out 
smoothly enough so that the impedance, even though varying with frequency, 
remains almost purely resistive at any one frequency. This allows one to use 


GLACIAL OVERBURDEN 
7777777 BASEMENT ROCKS 


% FREQUENCY CHANGE OF @a 
LOGARITHMIC CONTOURING 


Fic. 3. Frequency variations of apparent resistivity at 60 cps. 
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SULPHIDE GLACIAL OVERBURDEN 


ORE ZONE "7777777 BASEMENT ROCKS 
12. 10 9 8 7 6 5 4 3 2 ° -2 3 
LINE P 
io is 
APPARENT METAL FACTOR MAP (f=60~) 
LOGARITHMIC CONTOURING 
Fic. 4. Metal factor values computed from field measurements. 
ordinary resistivity type curves to predict or interpret the apparent polarization 2 
effects of a given zone (Hallof, 1957). ; 
COMPLICATIONS TO THE SIMPLE THEORY 
The application of induced polarization measurements to the detection of Pe 
sulphide mineralization is not as simple as it has been assumed in the previous ? 
discussion. One reason, of course, is that other semi-conducting minerals such 
as graphite, magnetite, and pyrolusite cause similar polarization effects. Polari- 
4 
SULPHIDE “DDH 
WEATHERED ZONE 
LAYER 
SEDIMENTARY 


APPARENT RESISTIVITY = 21T 
IN OHM FEET 
LOGARITHMIC CONTOURING 


Fic. 5. Resistivity measurements using colinear dipoles. 
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SULPHIDE 

SEDIMENTARY 
BASEMENT LAYERS 


6 15 1413 20 09 676 5 4 
~~ LINE A 


% FREQUENCY CHANGE OF @a 
LOGARITHMIC CONTOURING 


Fic. 6. Frequency variations of apparent resistivity at 60 cps. 


zation can also occur, however, without the presence of any semi-conducting min, 
erals. Schlumberger, in perhaps the first reference to induced polarization meth- 
ods, stated that background polarization effects drowned out the effect of the 
sulphide minerals (Schlumberger, 1920). This view is somewhat exaggerated, but 
Vacquier in his work showed that clay minerals could lead to finite polarization 
effects (Vacquier et al., 1957). Other groups have also been observing these effects 
(Henkel and Van Nostrand, 1957; Brant, personal communication). 

Because of the presence of these complicating factors, this present study was 
taken up. It was hoped that through an increased understanding of the causes of 
induced polarization in geologic materials, one could better interpret the electri- 
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Fic. 7. Metal factor values computed from field measurements. 
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cal measurements. It seems appropriate then to attack this problem from a 
fresh point of view, starting with more general concepts rather than a specific 
model such as that given in Figure 1. 


POLARIZATION AS ENERGY STORAGE 


The observation that we have is that the polarizable materials are capable of 
maintaining, for a certain time, an electric current flow after an applied current 
field is turned off. Actually what is observed is a voltage gradient, and this does 
not guarantee that electric current is flowing, as will be apparent later, but some 
sort of flow will be taking place. This is a manifestation that energy is stored in 
the medium when current is passed through, and usually at least some of this 
energy is released by maintaining electric current flow after the driving field is 
turned off. The five ordinary forms of energy storage are, electric, magnetic, 
mechanical, thermal, and chemical. It is conceivable that any one or all of these 
are involved in the phenomenon. The picture presented in Figure 1 assumed that 
the energy was stored as electric energy in the capacitor C. This is the simplest 
and most direct form of setting up an electric polarization effect. 

Another obvious form of energy storage is in the magnetic field. It is known 
that an electric current always sets up a magnetic field, and that when the current 
is turned off, the collapsing magnetic field returns its stored energy back into 
electrical energy. This effect can be very complicated when the geometry of the 
current flow is irregular, but for simple half-space geometries the solutions are 
well known (Sunde, 1949). When colinear spreads are used to make the field 
measurements, these electromagnetic effects behave qualitatively much like the 
polarization effects of mineralized zones. A two-fold increase of apparent con- 
ductivity takes place as the frequency is increased. The frequencies at which the 
effect is observed, however, are usually quite high, unless large separations in 
conductive areas are involved. For a separation of 2,000 ft in an area whose 
resistivity is 300 ohm-ft, no appreciable effect is observed until frequencies of 
10 cps or higher are used. When the ground conductivities are not homogeneous, 
the electromagnetic effects can become quite different. This is especially true 
when horizontal variations of conductivity exist. Measurements have been 
made in the field where the apparent resistivity increased by more than three 
fold as the frequency was increased (Madden et al., 1957). These effects are again 
limited to the higher frequencies, however. 


POLARIZATION THROUGH THE COUPLING OF FLOWS 


The electromagnetic effects can be avoided, as has been mentioned, by using 
low enough frequencies, but anomalous polarization effects are still found when 
low frequencies are used. The possible effects of mechanical, thermal, and chem- 
ical energy storage must be investigated therefore. To store energy in these 
forms, a coupling must exist between the electric current flow and other flows such 
as heat and matter. The existence of such a coupling will then allow the stored 
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energy on its release to cause electric current flow again, and thus the phenome- 
non will be a form of induced electric polarization. A simple illustration of this 
idea is given in Figure 8. For instance, through electro-osmotic coupling, an elec- 
tric current flow will cause a solvent flow through a capillary system. This flow 
may build up a hydrostatic pressure, either by building up a hydrostatic head 
against gravity, or perhaps through the blocking action of an impermeable bed. 
When the electric current is turned off, the hydrostatic pressure built up will drive 
the solvent back, and the solvent flow in turn will cause an electric current flow. 


INDUCED POLARIZATION 
THROUGH COUPLED FLOWS 


Fic. 8. Pictorial representation of the coupling of flows and the development of counter 
forces in a system. 


This flow almost immediately builds up an electric potential which opposes any 
further current flow, and which is observed as a polarization voltage. 

In a similar way any heat flow induced by the current flow can store energy 
thermally if temperature differences are set up. The solute flow can cause con- 
centration differences to build up, and this represents a chemical energy. 

The study of such couplings and their interrelations is the main area of inves- 
tigation of steady-state thermodynamics. According to the principles of steady- 
state thermodynamics, the equations describing a general electrolyte system 
with coupling are? 


flow cations = LulilisLis] [ —Vup — FZ,Vo 
flow anions | —Vun — 
flow solvent — VP 

flow heat = La — V7T/T 


(1) 


where 


¢=electric potential; 1=chemical potential; P= pressure; 
T =temperature; L;;=L;;; F=Faraday’s constant; and Z=ion valence. 


2 This is not the form of these equations usually found, but we follow Eckart here in an attempt 
to avoid the presence of arbitrary potential terms that appear in the formulations given in Denbigh 
and DeGroot (Eckart 1940, Denbigh 1951, DeGroot 1952). 
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The column on the left represents the flow vectors, while the column on the 
right of (1) represents the generalized forces. The L;; matrix consists of the terms 
relating to the properties of the media such as the conductance and permeability. 

These relationships assume a linear behavior of the medium, and this is always 
observed for small-flow densities. Onsager’s relationships, Li;=Lj;, is based on 
extensions of thermodynamics to situations involving slight deviations from 
equilibrium. It also appears to be verified experimentally for small-flow densities. 
This relationship is of great help in organizing the experimental results. 

From these relationships the possible magnitudes of electrical polarization 
can be deduced in terms of the coupling coefficients. Many of these coefficients 
are well known from other studies. For instance, the solvent-electric current flow 
coupling known as electro-osmosis or streaming potential has been studied by 
geophysicists because of the effects on self-potential logging (Wylie, 1955). The 
soil mechanics engineers also have made such studies because of the possible ap- 
plications in soil consolidation (Casagrande, 1952). 

The thermo-electric properties are not as well known, although at present a 
great effort is being made to develop efficient thermo-electric materials because of 
their possible use in energy conversion. The measure of this efficiency is exactly 
the same parameter that evaluates its induced polarization capabilities. These 
studies are concentrating on semi-conducting materials. It is quite apparent, 
from data to be shown later, that geologic materials do not have the required 
properties. 

The coupling effects between solute flow and electric currents are also very 
well known, being an important part of the subject matter of electro-chemistry. 
These effects are familiar to geophysicists using self-potential measurements, for 
they are represented by the familiar diffusion potential phenomena. 
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ELECTRO-OSMOTIC COUPLING 


To investigate the possible influence of electro-osmotic coupling on induced 
electrical polarization we can rewrite equation (1), assuming that all the induced 
forces except VP are zero, and ignoring any dependence of u on pressure. We also 
combine J, and J, to give us the current flow /. 


I = F(ZpJp + = — + + (Lia + La) 
F(L13Zp L23Zn) VP 
F(L3:Zp + L32Zn) Vb — LsVP. (3) 


(2) 


J, 


In the ultimate steady-state a hydrostatic pressure will build up to prevent 
any further electro-osmotic solvent flow. The pressure gradient needed to pre- 
vent the solvent flow can be calculated from (3) by setting J,=0. When this pres- 
sure gradient is introduced into (2) we obtain, using Onsager’s relationship 
Lij=Lji, 
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I(steady-state) = — + + (Liz + 


(4) 


The term multiplying —V¢ is the effective conductivity in the steady-state, 
odc. If high frequencies are used, no pressure gradient can build up, and from 
(2) we have that the high frequency conductivity is 


Gac = + + (Liz + (5) 
The maximum frequency effect is given by 


1 


[1 = F?(L13Z» + 


(6) 


The coefficients used are not the parameters in common usage. The stream- 
ing potential, which represents the potential induced by an applied pressure 
gradient, can be given in terms of these same coefficients, however. 

Vo 


(=) F(L13Z> + L23Zn)/One- : (7) 


Thus it is possible to rewrite (6) as 
(8) 


The maximum polarization effect can, therefore, be determined in terms of 
the conductivity, the permeability, and the streaming potential, which are all 
easily measured parameters. In Table II are given some results of such measure- 
ments on geologic materials. 


TABLE II 


MEASURED ELECTRO-OsmotTic CoupLING COEFFICIENTS 
AND POSSIBLE POLARIZATION EFFECTS 


Streaming Maximum % 
Sample Potential Frequency Investigator 
mv/atm. 


quartz s.s. 2 Kermabon 
quartz s.s. ; Kermabon 
red s.s. Kermabon 
shale Kermabon 
limestone Kermabon 
kaolinite (dispersed, Na) : Olsen 
kaolinite (natural flocculated, Ca) é Olsen 
kaolinite (flocculated, .1 N NaCl) Olsen 
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The values listed in the table indicate that the electro-osmotic effects are 
relatively unimportant in causing induced electrical polarization. z 


THERMO-ELECTRIC COUPLING 


A very similar analysis can be carried out to investigate the possible influence 
of thermo-electric effects. The thermo-electric coupling is more complicated 
because of the role played by the chemical potentials, which depend both on the 
temperature and on the concentration of the solute. In general, unlike the electro- A 
osmotic case, to evaluate the polarization contribution it would be necessary to i 
measure both cross-coupling effects; the thermally induced potential gradients 
and the electrically induced thermal gradients. 

If we ignore pressure effects 

Oui 


x, 


The time scale for heat flow at ordinary temperatures is much shorter than 
the time scale for diffusion flow, so that for certain time scales we can assume 
the concentrations remain unchanged. This allows us to set 


AT 
Vus S:VT TS;— (9) 
T 
S;= partial molal entropy. 
Our thermal coupling equations can then be written as 


I = + = + Zn7L22 + + 


VT 
— F[LuZp + — (ZpLu t+ — (ZnL22 + ZpLi2)TSa] (10) 


Jq = — F[Z,Lu+ — [Lu — LaTS, — (11) 


The quantity —F[Z,Li4+Z,LeJV@ appearing in (11) can be interpreted as 
the heat transported by the ions moving under the influence of the electrical 
field. 


+ = Oplp + (12) 
Q=heat of transport. 
From the definition of transference number, 
r+ = FZ, J,/1; = FZ,J,/I 


we have therefore 
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= Qpttoac/FZ, (13) 
FZ = Oac/FZn. (14) 
We also have from (10) 
F(ZpLiu + = ttoac/FZ> (15) 
F(Z,L22 + ZpLa1) = (16) 
A further simplification of notation is achieved by setting 
[Las — — TS,La] = TK; = thermal conductivity. (17) 
We can now rewite (10) and (11), using Onsager’s relation L;;=L;;, as 
T = — — — TS,) + (Qa — (18) 
FZ, FZ,, T 


Ja = — —— + Q.—— ) — KVT. 19 


In the steady-state limit J,=0, and solving for the temperature gradient set 
up we can obtain the steady-state conductivity. 


Tdc = Fac TK 

If the time scale is extended, the temperature gradients can also establish 
concentration gradients (Soret effect) which will modify the current flow because 
of the diffusion potentials set up. A greater practical difficulty in establishing the 
magnitudes of these effects is the fact that a measurement of the thermo-electric 


coefficient 
7) 
=— 21 
(= FZ; (21) 


is not enough to establish the polarization effects of this coupling. In principle 
one would need to also measure the heat of transport. Such a calorimetric meas- 
urement is much more difficult to carry out than the electrical measurement in- 
volved in (21). 

We can make estimates of the term }>Q,(r;/FZ,) in (20) which are adequate 
for our purposes here. In most rocks the positive ion transference number is 
much larger than the negative ion transference number. Thus 


TFZ, 


A (22) 
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The partial molal entropies for aqueous solutions of ions are known, so that if 
we can assume similar values for the ions in the pore fluids, (22) would give us 
an estimate of }+Q,(r;/FZ,). Using KCI solutions typical values of @ ran around 
0.3 mv/deg.C. These were measured in a cell where the thermo-electric voltages 
across the rock samples were bucked against the thermo-electric voltage across a 
water column (Uhri, 1958). The voltage between the measuring electrodes were 
then corrected for a semi-theoretical value of the water thermo-electric voltage 
(Eastman, 1928, and Wirtz, 1948). The partial entropy value for K+ of 24 entropy 
units per mole, thus gave from (22) an estimate of Qx, of 3.6 Kcal/mole. The 
value of dY(i- TS;)r; was about 2.3 Kcal/mole, so that we are within the cor- 
rect order of magnitude to replace )oQiri by >-(Qi:—TS,)7;. This allows us to : 


rewrite (20) as 
Ode K 


In Table III are listed some of the thermo-electric data and the approximate 
maximum polarization effect possible from such coupling. 


Taste III 


MEASURED THERMO-ELECTRIC CouPLING COEFFICIENTS 
AND PossIBLE POLARIZATION EFFECTS 


Thermo-Electric Coef. Maximum % 


Sample mv/deg. C Frequency Effect 
ss. with clay .000003 
"48 00003 
shale -00004 


It is obvious that this coupling is of no importance in causing polarization 
effects. Actually the thermo-electric coefficients are quite high, but the ratio of 
electrical conductivity to thermal conductivity is very low, so that from (23) 
OxclZ7ac- This is also the reason why semi-conductors are being used for thermo- 
electric power conversion; one must have a very good electrical conductor as 
well as strong thermo-electric effects. 


DIFFUSION COUPLING 


It is apparent by now that the cross terms appearing in the matrix describing 
the flow properties of the medium are not large enough in geologic materials to 
cause appreciable polarization effect. It is quite a different matter, however, 
when diffusion flow effects are investigated. This, of course, is because the ions 
themselves carry the electric current, so that the diffusion gradients and the 
electrical potential gradients have to appear together as primary driving forces 
for the ion motion. 
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If we drop all the off diagonal terms in (1) we are left with 
J» LiuVup LiuFZ,V¢o (24) 
Le2Vitn —_ (25) 


as the flow equations for the anions and the cations. In place of the coefficients 
L,;, we can introduce the more familiar electrochemical quantities of mobility, 
diffusion coefficients, and transference numbers. Thus we can rewrite the flow 
equations, assuming uni-valent ions, as 


op 
J,= — + (26) 
Ox 


on 
Jn = — Da — — UgnE (27) 
Ox 


U = mobility = cation concentration 
diffusion coef. anion concentration 
t+ = U,/(U, + Un) = Dz/(Dp + Dn) cation transference no. 


anion transference no. 


If ¢+ should vary along the current path, a divergence will result in the flow of the 
ions, causing concentration gradients to build up. This is illustrated in Figure 9 
where zone II represents a strongly cation selective zone, and zone I represents 
a zone with no selectivity. Because of its selective transference properties zone IT 
would be called a membrane zone. Since the current in zone II is largely carried 
by the cations, a surplus of these ions will occur at one end of zone II, and a 
deficiency at the other end. The anion flow will also be unbalanced, and the 
buildup of anions will equal that of the cations. The resulting concentration 
gradients will modify the ion flow until a balance is reached. In this steady-state 
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STEADY STATE FLOW 
MODEL FOR MEMBRANE POLARIZATION 


Fic. 9. Ion motion and concentration changes developed by current flow 
through a membrane system. 
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condition the net flow of cations and anions in zone II will equal that in zone I. 
Jn = Jou (28) 
Int = (29) 
The impedance of the zones will also be modified, because the concentration 
gradients developed will have diffusion potentials associated with them. These 
potentials arise because of a slight unbalance of charge , but since so little charge 


is needed to develop an electric field, one can say that the cation and anion 
concentrations are essentially equal. 


p=n. (30) 


The electric field is assumed to be constant in each zone, so that the total 
potential difference across the pair of zones is given by 


The concentrations, p and n, will be continuous across the boundaries, so that 
if the succeeding zones repeat the same pattern with the same geometry and elec- 
trical properties, we can put 


Api = — Apu (32) 

Any (33) 

When it is also assumed that the concentration gradients are constant in each 
zone, (28), (29), (30), (32), and (33) can be considered as a system of algebraic 


equations for the unknown electric fields and concentration gradients. Solving 
these we obtain for the steady-state conductance 


1 A 1 
Fup C( +— —) 


TII TI 


c = net concentration 
A = AL;/ALy 

B= Dy/ Dou 
Se = 


At the high frequency limit, no concentration gradients develop, and the only 
unknowns are the potential gradients. Using the condition that the electric cur- 
rent is the same in the two zones as well as the condition on the total voltage 
given by (31) allows us to solve for the conductance 


Tac A/AL;(Ary*+ Bri*). (35) 
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TABLE IV 
POLARIZATION OF MEMBRANE MODEL 
percent frequency effect (7;+=0.5) 


Length Ratio 


The maximum frequency effect that diffusion coupling can develop in our model 


is given as 
A B 
(A + + | 


B | A 
Typical values are given in Table IV. It will be observed that there is a finite 
limit to the frequency effect caused by this form of polarization. 

For the time scales to be reasonable, the zones must be very small, and one 
would not be able to measure the electrical properties of each zone. The presence 
of membrane zones should make itself known when diffusion measurements are 
made, because the average transference value for the anions and cations will not 
be equal, and a diffusion potential will be set up. The information given in Table 
IV is therefore plotted in Figure 10 in terms of the effective transference number 
which would be determined from diffusion potential measurements. In Table V 
are shown the results of diffusion measurements on a few rock samples, and the 
possible polarizing effects that diffusion coupling could result in. 

The values listed above show that these diffusion coupling effects are capable 
of causing considerable electrical polarization. There are two factors that should 
be pointed out here. First of all the possible polarization effects could increase 
without limit if we assumed that zones with positive ion blocking properties 


(36) 


TABLE V 
MEASURED TRANSFERENCE VALUES AND POSSIBLE POLARIZATION EFFECTS 


tuff 1 
tuff 40 
tremolite limestone 
sandstone, medium grained : 1 
sandstone, medium grained : 1 
sandstone, fine grained 78 
dirty sandstone 20 


806 
eet. wea? B= 1 1 1 3 3 3 Dp Ratio fae 
A= 1 10 1 0 
.999 4.8 33 81 1.6 14 62 
oe .990 4.5 32 67 1.6 14 57 ee) 

.909 20 20 9.6 27 
.667 2.8 1.2 1.9 1.8 2.5 
te 
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existed as well as those zones which can block negative ions. It is very unlikely 
that geologic materials will ever include such zones, but synthetic ion exchange 
resins can be found that do. The second factor that should be pointed out is the 
dependence of the polarization effect on the length ratio A. If a material has zones 
of very high ¢* values, but these zones are too numerous, so that most of the con- 
duction path lies within such zones, little polarization will result. If has been 


2.00 


APPARENT TRANSFERENCE NUMBER 


Fic. 10. Effect of the ratio of the zone lengths on the maximum polarization of a membrane system. 


noted before that clays, despite their very striking /*+ values, often show extremely 
little polarization effect, especially if they have been mechanically manipulated. 
It is believed that this may be due to a tendency for the conduction paths to lie 
almost entirely within clay zones. Vacquier in his work reported that he could 
only obtain polarization effects from clays when he coated them on sand grains. 

We have advanced no theory here as to why the pores of a rock or clay 
particles should show much membrane properties. This will involve a microscopic 
theory of the mineral solution interfaces. It is interesting to point out in this 
connection, however, that the presence of a surface charge on the minerals does 
not by itself cause any polarization. 

A more detailed study showed that a fixed charge in a system can lead to a 
very slight polarization, but it is really necessary, if the system is to have a finite 
polarization effect, that the motion of certain ions be hindered in the system. 
Thus it appears that the electrostatic and Van der Waal forces that attract the 
positive ions to the surface of a polarizing clay system must also act to prevent 
negative ions from moving along the surface. 


COMPARISON OF ELECTRODE AND MEMBRANE POLARIZATION 


The model given for membrane polarization sets a finite limit to the polariza- 
tion effect of membrane zones within a rock. The model given in Figure 1 for 
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FREQUENCY 


Fic. 11. Impedance of natural electrodes. 


electrode polarization is not so limited however. In Figure 11 is shown some data 
on the interfacial impedance of a few natural electrodes. The frequency effects 
are much larger than 100 percent. We might expect, therefore, to find a difference 
between the magnitude of the observed polarization depending on the cause of the 
polarization. Because of the diluting, mentioned before, that is caused by parallel 
unpolarized conduction paths, it seems best to compare the metal factors rather 
than the percentage frequency effects. In Figure 12 there is shown in a somewhat 
generalized form, the results of laboratory measurements on a large number of 
rock samples, and field measurements in many areas. These results again indicate 
the pronounced polarization effects of well-mineralized rocks. However, in rocks 
with less mineralization, there begins to exist considerable ambiguity. This is 
especially true in sedimentary rocks of high conductivity. The geometry of the 
mineralization is also very critical. When the sulphides form connected veinlets 


POLARIZATION PROPERTIES 


MF COND(10 cps)-COND(dc))x1> 


1 10 10 10 10 10° MF in MHOS/FOOT 
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Fic. 12. Distribution of observed metal factor values. 
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their metal factor values are far superior to those of well-disseminated sulphides. 

These results, although not eliminating the great usefulness of induced polari- 
zation measurements, do point out certain dangers in holding too simple a con- 
cept about the causes of the polarization. It also leads one to search for other 
criteria, besides a magnitude criterion, to help in separating out the various con- 
tributing factors. 


FREQUENCY BEHAVIOR OF MEMBRANE POLARIZATION 


The mechanism involved in membrane polarization appears to be quite dif- 
ferent than that pictured in Figure 1 for electrode polarization. It might be - 
hoped, therefore, that the details of the frequency spectrum for the two polariza- 
tion effects would lead to some means of distinguishing between the different 
effects. For this reason the study of the membrane model was expanded. 

From equations (26) and (27) we can obtain the equations of motion for the 


ion species. 
ap ap a 
— = D,— — U,— (pE 37 
at ax? ax (37) 
(38) 
— (nE). 
” ax? ax 


Poisson’s equation must also be satisfied 


F 
(39) 
Ox € 


These equations are non-linear but can be linearized for our case since we are 
interested in very small current densities. For small current densities we can con- 
sider the electric fields and the concentration changes to be small 


P=C+AP 
N=C+AN, (40) 
E = AE. 


If the product of these small terms is neglected and harmonic time dependence 
is assumed, (37), (38), and (39) become linear equations for Ap, An, and AE. 


dAE 
= D, ax? U,C (41) 
d’An dAE 
iwhn = SD, + SU,C — (42) ‘ 
dx? dx 
F 
—— = — (Ap — An). (43) 
dx € 
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These equations are the ones usually dealt with in treatments of space charge 
effects, and appear in discussions of solution-electrode interfaces as well as in this 
membrane model (MacDonald, 1953). The general solutions are simple exponen- 
tials with two characteristic lengths. 

Ap = L,e*"* + M,et™ 


An = (44) 


One of these characteristic lengths 
1 jw(S + 1)\/? 2CF? 
—= VK (1 1/K; Kt = (45) 
eRT 


is essentially frequency independent and represents a space charge set up at the 
boundaries of a zone. The other characteristic length 


1 a 2D,S 1/2 
+ 


varies inversely with the square root of the frequency and represents a diffusion 
phenomenon. 

The undetermined constants in the solution are solved for by imposing the 
boundary conditions. In the membrane model, because of the symmetry imposed 


by the regular spacing of the zones, there are six constants to be determined, 
three for each zone. The boundary conditions can be given as the continuity of 
concentration and of ion flow at the boundary, the continuity of E at the bound- 
ary, and the condition that /AEdx=—Ag, the applied potential. These condi- 
tions, when expressed in terms of the general solutions, give us six simultaneous 
algebraic equations for the undetermined constants. Their solution is straight- 
forward, but laborious, since the system of equations is highly singular and many 
terms must be carried along. The impedance of the membrane zone can then be 
determined and is given by 
Al; 


B Su — 
U A A 


(txt) tanh Xy B (t+)? tanh Xy 


( jw AL; 
X;= 
2D, 2 


Ae AL,;/ALy 
B= 
S; = t-/t;*. 


Values of the membrane impedance as a function of frequency are shown in 
Figure 13, where it is assumed that zone I is a neutral zone. The value used for 
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—sevective ZONE LENGTH* =.992 
A®* LENGTH RATIO 
CATION TRANSFERENCE NO. 

1.50 L IN SELECTIVE ZONE 

Z(D.C.) Ae II 

Z(AC.) 
1.30 

=.992 
1.207 t*=913 
1.10 


FREQUENCY 


Fic. 13. Details of the impedance of a simple membrane system, 


AL: of 0.3 10- cm. is typical of the size of clay particles. The frequency response 
for a given zone size is quite sharp. The frequencies at which the impedance is 
varying depend on the square of zone length, so that in an actual system with a 
distribution of zone lengths we can expect the frequency variations to be spread 
out over a wide range of frequencies. In Figure 14 are shown some impedance 
measurements on real membrane systems for comparison. 


FREQUENCY BEHAVIOR OF ELECTRODE POLARIZATION 


To compare electrode polarization to membrane polarization we must extend 
the simple model of Figure 1. In fact the data shown in Figure 11 are quite different 
from what we would expect from a simple RC circuit. Therefore, to better under- 


2(D.C.) 
Z(AC.) NATURAL SYSTEMS 
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Fic. 14. Details of the impedance of a natural membrane system. 
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stand the nature of electrode impedances, detailed kinetic calculations were also 
carried out for the impedance of an electrode-solution interface. Equations (41) 
(42) and (43) can again be used to describe the ion motions, but the boundary 
conditions are very different. First of all there can be capacitive coupling between 
the solution and the electrode. Secondly any Faradaic current involving actual 
charge transfer must entail chemical reactions, and a whole chain of events may 
follow depending on the products of these reactions. These events are all reflected 
in the boundary conditions, and thus modify the electrode impedance (Madden 
and Marshall, 1959). When typical reaction rate values are used, however, the 


Ce 
Rs 


Ri 
NORMAL REACTION s 
Ce = ELECTRODE CAPACITANCE 
Rg= SOLUTION RESISTANCE 
R, = REACTION RESISTANCE 


Ceo, Re We 


Rp = CATALYZED REACTION 
CATALYZED REACTION RESISTANCE 


Wo = WARBURG IMPEDANCE = 
We (FREQ) % 


Coy, = CHEMICAL CAPACITANCE 


Fic. 15. Equivalent circuits for the impedance of polarized electrodes. 


solutions obtained indicate that at audio and sub-audio frequencies the circuit 
of Figure 1 should well represent the electrode impedance. If a reaction occurring 
at the surface is well catalysed, a different behavior would be expected. There is 
little reaction resistance in such a case, but the depletion of the reacting species 
at the surface would require a diffusion of the ions to or away from the surface. 
This is responsible for an impedance which has the typical diffusion behavior and 
depends inversely on the square root of the frequency. It is called a Warburg 
impedance and is given the symbol W (Grahame 1952). The accumulation of 
the reaction product will in general tend to oppose any further reaction, and this 
causes an impedance just like that of a capacitance. We have given this capaci- 
tance the symbol Cy. The equivalent circuits for an electrode impedance with 
normal reactions or with catalyzed reactions are shown in Figure 15. 
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Fic. 16. Phase shift of the impedance of a magnetite electrode, and its comparison 
with the equivalent circuit. 


Measurements were made on a wide variety of electrodes, and data were 
also obtained from the literature. Equivalent circuits such as those shown in 
Figure 15 were then adjusted to fit the data. In most cases the circuits could be 
made to fit the data within the experimental error. An example of such a fit is 
shown in Figure 16, where only the phase of the impedance is plotted. The mag- 
nitude of the impedance for this same electrode is shown in Figure 10, and on 
this logarithmic scale the errors of the equivalent circuit would not be discernible. 
The most striking result of these measurements was that in every case a well 
catalyzed reaction appeared to be taking place and contributed a large part of 
the current being passed. This means that the impedance was in a large part 
controlled by a diffusion phenomenon, just as in the membrane model. A sum- 
mary of these electrode measurements is given in Table VI. 


SUMMARY AND CONCLUSIONS 


When using induced polarization measurements for the detection of metallic 
or semi-conducting minerals, one must be aware of other causes of the electrical 
polarization. An examination of the possible causes of these effects reduced the 
important factors to electromagnetic coupling effects and membrane polarization 
as well as the metallic mineral, i.e., electrode polarization that one is usually 
looking for. The electromagnetic effects can be avoided by using only information 
at very low frequencies. In typical mining exploration applications, one must 
work with frequencies of less than 10 cps. 
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TABLE VI 
SUMMARY OF ELECTRODE IMPEDANCES 
Values are given for 1 cm? of surface at room temp. Symbols are referred to Fig. 15. 


Catalyzed 
Reaction 
Resistance 
Re 


Warburg Chemical 
Impedance Capacitance 
We Cch 


Reaction Electrode 
Electrode Resistance Capacitance 


* Area not known accurately. given ohms. 
apacities given in yf. 
W; calculated at 1 cps. 


The effects of membrane polarization are more difficult to separate out. The 
effects are more limited than the electrode polarization, but may still be sig- 
nificant. Detailed investigations of these two processes were made to look for 
fundamental differences in their electrical behavior. Unfortunately the investi- 
gations showed that the principal factor contributing to the electrode impedance 
is a diffusion phenomenon, and this is the same factor involved in membrane 
polarization. Both electrode and membrane impedances show a wide and gentle 
frequency variation making any discrimination on this basis very difficult. This 
result was borne out in the measurements on rock and clay samples. The phase 
shifts of the metal factor, which should represent approximately the phase shift 
of the blocked conduction paths, were computed from an analysis of transient 
measurements at one tenth, one and ten cps. for hundreds of samples. Although 
the results were often quite characteristic for a given rock or clay type, there 
seemed to be no clear separation between those samples with electrode polariza- 
tion and those with membrane polarization. Some typical values are shown in 
Table VII. 

This represents of course only a somewhat limited frequency range and a 
wider frequency analysis might prove to be more discriminating. It is difficult, 
however, to extend the measurements to higher frequencies in the field because 
of the electromagnetic coupling effects. The measurements at lower frequencies 
are in principle possible, but the natural earth currents make the noise problem 
an important practical factor. 

The magnitude of the polarization effects still appears to be the best guide 
for the detection of electrode polarization in rocks. When the mineralized target 
is well below the surface, the observed effects are, of course, considerably reduced, 
and may be hardly different than a small background polarization. The authors 
are of the opinion that the greatest improvement in interpretation will come from 


_ 
Ce 
ST steel 160 ,000 3:2 11 3,960 247 
ie Ni 8,500 112 3 670 830 ae 
i Cu 3,080 3.8 19 1,270 55,000 ee 
Graphite 49,500 80 26 2,700 170 
Pyrite 3,900 55. 60 800 150,000 
Galena* 3,800 8.5 6 760 43,000 
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TABLE VIT 
METAL FACTOR PHASE IN DEGREES 


Sample Type Frequency cps. 
10 1 0.1 
Kaolinite 9 14 22 
ica 8 12 19 
Ton exchange resins 13 29 51 
Sediments from Colorado Plateau 
with sulphides 12 20 30 
little or no sulphides 9 15 21 
Sedimentary copper ore 12 18 19 
Rhodesian copper ore 18 27 41 
Field data, porphyry copper body 18 31 
Lithic Tuff, little or no sulphides 12 22 34 
Graphitic ss 13 16 22 
Dirty sands from Dakota, ss sequence 11 17 30 
Manganese ore 9 14 22 
Highly magnetic altered, ultrabasic 42 41 47 


an accurate handling of this geometric factor, rather than a subtle analysis of 
the frequency spectrum of the observed polarization. 
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FIELD TESTING SEISMIC INSTRUMENTS* 
W. W. GRANNEMANNt 


ABSTRACT 


The field tests compiled here are designed to detect the presence of the subtle as well as the 
obvious equipment trenton Auxiliary test equipment used includes a low distortion sine wave oscil- 
lator, oscilloscope, geophone shaketable, and a timing standard as well as the usual voltmeter, 
ammeters, and ohmmeters which are often built in the equipment. Field test procedures on geo- 
phones, cables, seismic amplifier, seismic oscilloscope cameras, magnetic seismic recorders are in- 
cluded. The time lapse between each test is considered, but some flexibility in this respect is recog- 
nized, depending on the specific equipment used and the operating conditions. 


INTRODUCTION 


A secret black box philosophy surrounded seismic instruments in the early 
days of seismic exploration. The nature and results of instrument tests were not 
always available to the company paying for the seismic work. The present trend 
is away from this philosophy, with some seismic contractors furnishing complete 
circuit diagrams of their instruments, regular test records, and instrument test 
reports to the company employing them. Companies doing their own seismic 
work are also requiring their crews to complete regular field tests. In the interest 
of better seismic mapping, the trend toward more and better instrument tests 
appears highly desirable. 

Small deviations in a few seismic records can mean the difference between 
mapping a closed structure and not mapping it. A trouble such as instability in 
the timing line generator can create false structures if not detected. Other troubles 
may cause the loss of good reflections, resulting in mapping only partial structures. 
Millions of dollars are at stake in drilling decisions based primarily on seismic 
work, so every effort to reduce instrument errors should be made. 

Some of the more obvious seismic instrument troubles can be detected by 
careful examination of the field records. Instrument troubles which are often 
more serious require more detailed tests to detect. The use of a low distortion 
sine wave oscillator for serious distortion, automatic gain control troubles, and 
amplitude equalization is essential. Voltmeters, ammeters and ohmmeters are 
usually built in the instruments. Special equipment for testing should include a 
geophone shake table and a standard for checking the timing. A cathode ray 
oscilloscope is an optional but useful test instrument. 

The purpose here is to describe some of the field tests, which can reasonably 
be expected of a seismic crew. These tests will be limited to field tests and will 


* Manuscript received by the Editor April 20, 1959. 
t Associate Professor and Associate Director of the Engineering Experiment Station, University 
of New Mexico, Albuquerque. 
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not include laboratory tests which are necessary to compare one seismic amplifier 
and recording system with another. 


TESTS WITH EACH SHOT 


The standard obvious checks before each shot are necessary and important if 
good seismic records are to be obtained and good analysis assured. A quick check 
of all voltages and switch positions should be made before each shot. The equip- 
ment should be warmed up and operating properly. The disc, tape, or drum speed 
on magnetic recorders can be observed with the meter or light on the recorder. 
During the signal return from the shot the overmodulation light or the modula- 
tion meter should be observed to guard against overmodulation of the magnetic 
medium. Extremely low level modulation can also cause trouble, since there may 
not be any signal left after the seismic noise is filtered out. For weight dropping 
operations the speed of the recorder must be accurately checked, since the sum- 
mation of a large number of traces is required. 

A two or three-minute examination of the seismic record after each shot can 
disclose some of the most obvious equipment errors or troubles in both reproduci- 
ble and conventional seismic recording systems. It may be possible to check only 
a percentage of the records in very rapid water shooting, but normally every 
record should be checked. The amplitude, polarity, and clarity of the time break 
and uphole seismometer break should be checked. The first breaks should be 
checked for the use of correct presuppression and for proper polarities. The over- 
all record amplitude should be about the maximum possible without excessive 
crossovers. Severe noise in one or two amplifiers can often be found by this check. 
This should not be confused with low microseism noise, which is normally visible 
on the end of seismic records. The detection of phase shift errors on field records 
is largely limited to the detection of phase reversals such as reversed polarities 
of seismometer groups or similar large phase shifts; since weathering, noise, and 
other natural phenomena cause small phase shifts. Distortion can be detected on 
field records only if it is very severe, such as that caused by amplifier clipping 
and similar equipment troubles. The problem of the proper filter settings for a 
given area is a controversial problem, hence only a few general statements will 
be made. An over-all noisy record may indicate the need for lower high cut 
filtering. The need for a low cut filter with a steeper slope or a higher setting of 
the low cut filter is often indicated by a ground roll blankout region. The need 
for wider filtering may be indicated by smooth records (records with good re- 
flections which lack character). Seismic records applied to a magnetic storage 
medium usually require no high cut filtering and only modest low cut filtering. 
It is usually desirable to obtain one playback record for field inspection. Special 
purpose traces can also be checked by field inspection. These traces may in- 
clude special mixed traces, energy indicating traces, stepped gain control traces, 
AGC traces, amplitude calibration traces, and similar traces. Galvanometers can 
be checked for position and noise. When synchronous timing motors are used to 
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produce timing lines in the oscillographs, it is important to record a timing signal 
on the seismic record. Agreement between the timing lines and the timing signal 
should be well within +43 millisecond. Timing lines produced by the flashing 
light technique are somewhat less susceptible to small variation, but often do 
produce random lines when troubles occur. The timing signal recorded on seismic 
records can also be used to check timing lines in this case. The recording of a good 
timing signal is essential in reproducible recording, since the recorded timing 
signal is used to produce the timing lines on the reproduced record. 


TESTS BEFORE EACH PROFILE 


Resistance measurements should be made on each geophone group, and any 
wide variation from the normal resistance reading should be followed by a de- 
tailed check of the geophones and cable connections. A seismometer tap test 
should be made by tapping a geophone and recording the output on a short test 
record. This is usually done with all the amplifier inputs in the parallel switch 
position. High line 60 cycle signals can be reduced by observing the galvanometer 
deflection and adjusting the high line balance resistors. 


DAILY TESTS 


This group of daily tests is usually made in the morning just before shooting 
begins. Most of the troubles resulting from long drives and equipment movement 
can be detected in this way. The galvanometer positions may be observed by 
checking the galvanometer light spots, as it is usually necessary to make some 
small adjustments. The amplitude and gain controls on the seismic amplifiers 
should be set using the test oscillator and observing the galvanometer deflection 
or output meter. The position at the gain potentiometer and the amplitude con- 
trol on each amplifier should be approximately the same. If it is necessary to ad- 
just the gain or amplitude control to a radically different position, trouble may be 
present. With the presuppression tripped, the gain controls should be high 
enough to give a small galvanometer deflection for the microseism level. All 
battery and power supply voltages should be checked under normal load con- 
ditions. A battery hydrometer check is usually desirable, especially under condi- 
tions where the batteries must operate all day without recharging. The hy- 
drometer test can be used to locate weak cells as well as estimate the time the 
batteries can be operated without recharging. 

A sine wave oscillator test can be made with all the amplifier inputs in parallel. 
Normal filter and automatic gain control positions are usually used in this test; 
however, if there is reason to suspect the presence of noise or distortion in the 
seismic system, the test should be repeated with no filtering. No filtering allows 
noise and distortion to show up more clearly. The oscillator voltage should be 
varied in about ten decibel steps over the range from one microvolt to one-tenth 
volt. With the camera running the oscillator voltage should be varied in steps of 
one to ten and ten to one to check the automatic gain step control. The oscillator 
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used in this test should have less than four percent distortion to give a good 
visual indication of distortion. Distortions of less than five percent are not easily 
detected by eye. 

A seismometer tap test can be recorded with the oscillator test. This test 
should include one hard tap and two or more light taps. The phase on all traces 
should agree within +1 millisecond. If amplifier noise is present it should show 
with the low level signal, but probably not with the high level signals. Galvan- 
ometer noise usually shows throughout the record. A magnetic recording can 
also be made of the test strip and played back to test the recorder. 

In both of the above tests the traces should match very closely with possible 
exception of the very high level pulses. It is difficult to match the automatic gain 
control circuit diodes close enough to obtain perfectly matched traces on high 
level pulses. 

Paper speed can be checked by measuring the timing lines. Timing check, 
galvanometer position check and development process checks can be made from 
the test record. 

A few additional checks are needed if a magnetic recorder is used. The 
magnetic recorder heads should be checked for dirt and cleaned if necessary. 
Tape modulation level should be checked with test meter, using the oscillator 
operating through a seismic amplifier with normal automatic gain control. The 
output level from each magnetic recorder channel should also be adjusted to the 
proper level. Magnetic recorders using frequency modulation or pulse width 
modulation often use a pilot channel which is modulated with noise (“wow and 
flutter”) caused by speed variation in the disc or drum drive mechanism. This 
signal is added to all other seismic signal channels with the proper phase to cancel 
out the noise produced by the speed variation. It is important to calibrate pilot 
channel for optimum cancellation. This can be done by recording a no input 
record, then playing back a regular seismic channel and adjusting the pilot 
channel for minimum output. The seismometer tap tests and oscillator test 
should be played back and a paper record made, so as to test the magnetic re- 
corder as well as the seismic amplifiers. 

Some companies are now removing normal move out and weathering from 
seismic records after the records have been recorded. Weathering is removed by 
moving the heads a fixed distance. Normal move out removal requires that the 
head be moved in the proper way while the record is being played back. The 
controls for normal move out removal vary widely and include mechanical as 
well as electrical controls. Special tests are required for each type. Good velocity 
profiles and accurate geophone group locations are essential for setting up the 
head movement pattern. Other variable signal delays can be used, but the record- 
ing head movement is the most common. The removal of normal move out allows 
much better mixing as well as mixing of several seismic records with proper 
equipment. Equipment errors must be kept to a minimum in this type work, in 
order not to produce false reflections. Any process which involves the summation 


eg 
} 
Bice j 
ka 
(a 
> 
ag 


FIELD TESTING SEISMIC INSTRUMENTS 821 


of a large number of traces is particularly susceptible to recorder speed variation 
troubles. Systems using direct recording with ac bias are not quite as amplitude 
sensitive to speed changes, but usually have a higher distortion and slightly less 
dynamic range. 


MONTHLY TESTS 


A shake table test of geophones is desirable about once a month; if the geo- 
phone groups are extremely large, the time between tests can be increased. One 
bad geophone in a large group is not nearly as serious as a single bad geophone 
on a recording channel. A standard geophone and test geophone are used on the 
shake table. The outputs are compared by applying one geophone output to the 
vertical plates of an oscilloscope and the output of the other geophone to the 
horizontal plates of the oscilloscope. The geophones are driven with a steady sine 
wave drive from the shake table. The oscilloscope pattern should be a line at 
45°, if the geophones are matched and the vertical and horizontal sensitivity of 
oscilloscope are set equal. If the pattern is an ellipse, the geophone outputs are 
out of phase. If the pattern is a line at low or high angle, the sensitivity or damp- 
ing of the geophones is different. An uneven ellipse may indicate distortion in 
one geophone. Abnormal resonances and distortion are much more likely to occur 
at high amplitudes, so it is desirable to test at very low and very high drive 
amplitudes. 

Another test method which is somewhat less desirable is to stack a number of 
geophones and use the seismic amplifiers to record the output. The amplifiers 
should be in the no-automatic gain control position. The output of each geophone 
should be applied to about three amplifiers with different gain settings. The 
amplifiers can be divided into three groups, with all amplifiers in each group being 
calibrated to the same gain position using the test oscillator. All amplifier filters 
should be in the same wide position. A heavy rock may be rolled down a board 
or a cap shot to produce a signal. The traces from each geophone should match 
if the geophones are operating properly. 

Another method of comparing geophones is to hang a tray on a long spring 
and suspend a weight below the tray. The geophones are placed in the tray. 
The weight is raised and the geophone outputs are observed on a dual beam oscil- 
loscope or by use of calibrated seismic amplifiers as described in the previous 
test. This test is excellent for showing high amplitude distortion and abnormal 
resonances. 

Cable resistance checks are desirable about once a month and when a crew 
moves from a dry area to a wet area. Several megohms between pairs and 
ground is usually quite safe. The actual minimum acceptable resistance depends 
on impedance of the geophones, the input impedance of the amplifiers, the cable 
capacitance and inductance. Some cross-feed is tolerable, since it results in a 
mild mixing of the traces. 

In areas where shots are repeatable, the “flip-flop” test is good for reproduci- 
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ble recording systems. Suppose a normal shot is recorded using filter setting of 
15 to 400 cycles per second. This shot is played back at filter setting of 30 to 50 
cycles per second. A repeat shot is made and recorded with a filter setting 30 to 
50 cycles per second, and played back with filter setting of 15 to 400 cycles per 
second. The two reproduced records should be nearly identical for proper opera- 
tion. Difference in the ground roll region of the records may indicate the need for 
a higher low cut filter setting on recording. Over-modulation may also show up 
on this test. This test can be useful every time the terrain changes by a marked 
degree. 

The spare magnetic recorder plug-in units as well as the spare seismic ampli- 
fiers should be checked once a month. 


TESTS EVERY SIX MONTHS 


A complete timing test should be made at least every six months. A standard 
timing fork can be used by recording the output of the standard fork and com- 
paring its output with the timing lines. 

Another method is to use a short wave receiver and record a 400-cycle signal 
from WWYV of the Bureau of Standards, Washington, D. C. The timing lines can 
be compared to the standard 400 cycle signal. 


OTHER TESTS 


Long range preventive maintenance tests are used by some companies to 
save time in the field. The tests may be made on a six-month to a year basis. 
These tests include a complete test of all vacuum tubes on a tube tester. All bias 
cells are checked or replaced with new ones. Automatic gain control diodes are 
tested. Amplifier distortion is tested on a distortion analyzer. Modulator and 
demodulator wave forms are tested on an oscilloscope and necessary calibrations 
are made. Signal-to-noise ratio tests on the magnetic recorders are made by com- 
paring the output with no input and the output at 100 percent modulation 
input. 


CONCLUSIONS 


Improved reliability as well as better seismic records can be achieved by good 
instrument testing. It is hoped that the present trend of better field tests of seis- 
mic instruments will continue, and that the details of the operation of seismic 
instruments will be open to more people. 


“4 
: 
48 
iy 
. 
= 


DISCUSSIONS AND COMMUNICATIONS 
DISCUSSION OF INTERNAL FRICTION OF FINE GRAINED LIMESTONES* 


SVEN TREITELt 


I wish to point out an ambiguity in the otherwise excellent paper by Peselnick 
and Zietz, “Internal Friction of Fine Grained Limestones,” that appeared in the 
April, 1959, issue of Gropuysics. The authors derive a distance attenuation co- 
efficient ap, 

which is proportional to the first power of the circular frequency w, and show 
experimentally that ap is indeed a linear function of w. The quantity ap is, how- 
ever, not the attenuation coefficient usually employed in the pertinent literature. 

Consider a plane stress wave propagating in the positive x-direction. The 
amplitude A, at a distance x from the source may be written, 


k 
A, = Aoexp i(wt — kx) = Ao exp iw (: -— ) (2) 


where Ao=original amplitude at x=0, ‘=time, and k=wave number. In a dis- 
sipative medium the wave number & is complex, 


k=v+ia (3) 


so that (2) becomes in this case, 


1 
A, = Ao exp ia( ——[v+ 
WwW 
= Ao exp exp (—ax) (4) 


where a is the classical distance attenuation coefficient. Peselnick and Zietz 
assume a solution to the wave equation of the form, 


x 
A; = Ag exp =) (5) 
where C* is a complex wave velocity, expand 1/C* in a series to first order, and 
multiply the resulting real and imaginary terms by the w outside the parentheses 
of the exponent of (5). As can be seen by direct comparison with (4), their attenu- 
ation coefficient ap is not identical with a. 


* Received by the Editor April 29, 1959. 
{ Apartado 3295, Havana, Cuba. 
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AUTHORS’ REPLY* 
ISIDORE ZIETZt anv LOUIS PESELNICKt 


We disagree with Treitel’s comment that our attenuation coefficient ap, is 
not the same as the attenuation coefficient , a, as used by him. 

According to our equation (4) and also his equation (4), the amplitude decay 
in space is given by 


A, = Ao exp (—az). 


Now, equation (11) as given in our article may be expressed as 


(: x ) 
Az; = / exp 2 
Co) 


Treitel’s equation (4) is 


Vv 
A, = Agexp -— r) exp (—ax). 


Both equations are identical with 
2M’'Cp 


= and Cp=—: 
v 
It is immaterial whether one considers the complex velocity, C* as we do, to 
represent a decaying wave or the complex wave number, &* as Treitel does, since 
the two quantities are reciprocally related by C*=w/k*. 
Incidentally, Treitel’s complex & is incorrect, for if the absorption term of his 
equation (4) is to remain as is, then &* must be given by v—ia. 


USE OF PORTABLE PLAYBACK SYSTEM EFFECTS A SAVING{ 
T. O. HALL§ 


Since developing and operating a portable magnetic playback system which 
removes electrically the static and dynamic corrections, a considerable saving 
in preparing corrected record sections has been effected. The field playback 
machine can handle only a limited number of magnetic tapes. 

Table I shows some comparative costs. 

The portable playback system has other advantages also, in that the accuracy 
and speed of field office work is improved. Since the sections are prepared by the 
same crew that shot the project, the time delay between shooting a line and 


* Received by the Editor May 19, 1959. 

+ United States Department of the Interior, Geological Survey, Washington 25, D.C. 
t Received by the Editor June 23, 1959. 

§ President, General Geophysical Company, Houston, Texas. 
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completing its analysis is reduced effectively. By the same token, any errors can 
be rectified much more rapidly. 

Conventional ‘‘wiggle” record sections can be made with this equipment, and 
the two record sections shown below show other types of sections which are being 
made, and which can be made with the portable playback systems. 


i 
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DEPARTMENTS 


PATENTS 


O. F. RITZMANNt 


ELECTRICAL PROSPECTING 
U.S. No. 2,885,633. J. C. Cook. Iss. 5/5/59. App. 4/8/57. Assign. U.S.A. 


Electrical Crevasse Detector. A system of detecting the presence of a snow-covered crevasse in 
glacier ice using a rigid configuration of four flat plate electrodes that are drawn across the snow 
with two of the electrodes connected to an oscillator of frequency below 400 cps and the other two 
electrodes connected to an indicator. 

U.S. No. 2,887,650. K. A. Ruddock and A. A. Brant. Iss. 5/19/59. App. 5/4/55. Assign. Newmont 

Mining Corp. 

Method of and Apparatus for Geophysical Exploration. An airborne electromagnetic prospecting 
system using a transmitting coil excited at 390 cps and having receiving coils in zero coupling rela- 
tionship to the transmitting coil, and measuring the in-phase and out-of-phase components of the 
voltage induced in the receiving coils at the instant that the exciting current passes through its 
peak value. 

MAGNETIC PROSPECTING 
U.S. No. 2,877,407. J. H. Stein. Iss. 3/10/59. App. 11/30/55. 


Method and A pparatus for Cancelling Acceleration Noise in a Magnetometer. A system for removing 
from the indication of a magnetometer the effect of acceleration in a magnetic gradient by combining 
the output of an accelerometer with the twice differentiated output of the magnetometer. 


U.S. No. 2,886,773. M. Potosky, J. H. Davis, and M. Hansberg. Iss. 5/12/59. App. 10/11/54. 


Orientation System for Magnetometers. An orienting system for a three-mutually-perpendicular 
flux-gate type of magnetometer in which the system is nutated at a slow rate and any modulation 
signal in the detecting element output used to actuate the orienting servomotors to correct misalign- 
ment. 


GEOCHEMICAL PROSPECTING 
U.S. No. 2,876,078. P. J. Moore. Iss. 3/3/59. App. 10/12/54. Assign. National Lead Co. 


Well Logging. A method of mud logging in which gas from the mud is first passed over a catalyst 
that oxidizes hydrogen to water without affecting the hydrocarbon constituents of the gas which is 
then analyzed for hydrocarbons. 


U.S. No. 2,880,142. D. O. Hitzman. Iss. 3/31/59. App. 12/10/56. Assign. Phillips Petroleum Co. 


Prospecting for Petroleum Deposits. A microbiological prospecting method in which soil samples 
are taken and aliquot portions subjected to an aliphatic alcohol as a substrate in a culture medium to 
permit growth of hydrocarbon-consuming organisms and the colonies developed are counted. 


U.S. No. 2,882,014. H. H. Addison. Iss. 4/14/59. App. 5/14/57. Assign. The Texas Co. 


Mud Sampling Device. An automatic mud-sampling device having a number of sample containers 
in a tray that is shifted by a line to the swivel when a predetermined footage has been drilled. 


t Gulf Oil Corporation, Patent Department, Pittsburgh, Pennsylvania. 
828 


pe 
: 


PATENTS 829 


U.S. No. 2,883,856. C. A. Youngman. Iss. 4/28/59. App. 4/14/55. Assign. The Atlantic Refining Co. 


Apparatus for Detecting Ilydrocarbons in Drilling Mud and Cuttings. A mud logging system in 
which the mud stream and cuttings returning from the hole are continuously sampled, passed through 
a grinder together, and delivered to a trap from which gas is analyzed by a hot platinum filament in 
a bridge circuit whose output is continuously recorded. 


RADIOACTIVITY PROSPECTING 
U.S. No. 2,876,360. J. A. Victoreen. Iss. 3/3/59. App. 11/16/53. 
Apparatus for the Comparison of Sources of Radiation. A radioactivity detector and a calibrated 
indicating circuit for measuring the activity of a radioactive source. 
U.S. No. 2,878,390. F. K. Campbell. Iss. 3/17/59. App. 4/4/55. Assign. } to Francis K. Campbell 
and 3 to The Moran Corp. 


Uranium Detecting Devices. A radioactivity detector having an array of Geiger tubes connected 
in parallel in a lead container with one open end and having coils to which a-c can be applied to 
screen out all but gamma rays and also having conducting screens to which potentials can be applied 
to select alpha or beta radiation. 

U.S. No. 2,878,391. F. K. Campbell. Iss. 3/17/59. App. 4/4/55. Assign. } to Francis K. Campbell 
and 3 to The Moran Corp. 

Uranium Detecting Devices. A detector for radioactive gases having an array of Geiger tubes 
in a lead case through which the gases are drawn and having grids to which potentials may be applied 
to select alpha or beta particles. 

U. S. No. 2,879,398. A. D. Garrison. Iss. 3/24/59. App. 5/13/53. Assign. Texaco Development 

Corp. 

Detection of Radiation. A scintillation type radiation detector having a radiation transparent 
cylinder filled with a solution of anthranilic acid in a liquid aromatic hydrocarbon solvent and having 
windows leading to phototubes at each end of the cylinder. 


U.S. No. 2,879,423. R. T. Bayard. Iss. 3/24/59. App. 6/2/54. Assign. Westinghouse Electric Corp. 
Counter. A proportional counter for neutrons having a tubular outer electrode and an inner 

insulated electrode held by sealed thimbles in the ends of the tube. 

U.S. No. 2,880,326. L. Musicant. Iss. 3/31/59. App. 10/25/54. Assign. National Radiac, Inc. 
Neutron Detector. A neutron detector having a transparent block of a boron ester polymer mixed 

with a fluorescent substance adjacent to a photocell connected to an amplifier and indicator. 

U.S. No. 2,884,529. C. Eggler and C. M. Huddleston. Iss. 4/28/59. App. 4/18/55. Assign. U.S.A. 


Gaseous Scintillation Counter. A scintillation counter in which ultraviolet light from excitation 
emission of a gas such as argon free of quenching contaminants causes visible fluorescence of a solid 
material and the visible light is detected by a photomultiplier tube. 


U.S. No. 2,886,713. R. FE. Fearon. Iss. 5/12/59. App. 11/7/55. Assign. Electro Chemical Laboratories 
Corp. 


Geiger Counter Systems. A Geiger counter having an annular cathode and a central wire anode 
supported on end plates having an opening through which sample gas is introduced, and also having 
near each end of the anode a guard electrode with a central opening through which the anode wire 
passes and also allowing passage of the sample gas. 


U.S. No. 2,888,571. R. P. Mazzagatti, O. D. Stephens, and A. S. Conners. Iss. 5/26/59. App. 7/6/54. 
Assign. The Texas Co, 
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Radioactivity Measuring. A gamma ray detector having a cylindrical cathode and central anode 
wire and filled with a mixture of helium, argon, and anhydrous ammonia. 


SEISMIC PROSPECTING 


U.S. No. 2,876,004. R. L. Sink. Iss. 3/3/59. App. 7/12/56. Assign. Consolidated Electrodynamics 
Corp. 
Speed Measurement and Control. A system for controlling the speed of a magnetic tape on play- 
back in which the signal from the timing track is compared with the signal of a standard oscillator 
by means of counters and the difference count used to control a speed-correcting servomotor. 


U.S. No. 2,876,427. W. T. Harris. Iss. 3/3/59. App. 12/30/54. Assign. The Harris Transducer Corp. 


Transducer. A hydrophone having a cylindical arc of radially magnetostrictive material fastened 
to a heavy backing plate to which the ends of the arc are firmly anchored. 


U. S. No. 2,876,428. J. D. Skelton and H. B. Ferguson. Iss. 3/3/59. App. 2/7/56. Assign. Jersey 

Production Research Co. 

Seismic Section Printer. A device for correcting field seismograms and having a record drum, a 
correction drum, and a section drum on the same shaft, each trace being first transferred to the 
correction drum whose recording head is initially set to an angular position to make the fixed correc- 
tion and vrhose playback head is moved during playback by an analog computer to make the variable 
correction. 


U. S. No. 2,876,689. B. B. Strange. Iss. 3/10/59. App. 8/13/57. Assign. Western Geophysical Co. 
of America. 


Apparatus for Making Seismograph Record Sections. A record section printer in which parts of 
records are printed in sequence on auto-positive reflex paper with a movable mask used to isolate 
the part to be printed, and having movable clamps for each end of the record with which the operator 
can adjust and stretch the record so as to make time marks coincide with index marks on the section. 


U.S. No. 2,877,554. R. C. Loring. Iss. 3/17/59. App. 10/18/57. Assign. Phillips Petroleum Co. 
Seismic Signal Interpretation Apparatus. A geometrical incident wave front plotting device 
having a number of pivoted and slotted bars arranged to take into account refraction of the incident 
wave at shallower velocity contrasts. 
U.S. No. 2,877,859. W. C. Knudsen. Iss. 3/17/59. App. 8/27/56. Assign. California Research Corp. 
Offshore Seismic Prospecting. A device for suppressing bubble noise having a perforated envelope 
around the shot of a radius about the same as the maximum bubble radius expected. 
U.S. No. 2,878,352. L. D. Statham. Iss. 3/17/59. App. 12/14/54. Assign. Statham Instruments, 
Inc. 
Electrical Motion Sensing Means. An accelerometer using a resistance wire strain gage type of 
transducer to which a paddle in a liquid inertia mass is connected by a spring. 
U.S. No. 2,879,860. A. E. Tilley. Iss. 3/31/59. App. 10/11/54. Assign. California Research Corp. 


Seismic Prospecting Utilizing Trace Integration. A seismic data processing system in which 
reproduced geophone signals are recorded with appropriate fixed and variable corrections on a ro- 
tating electrostatic recording medium and the integrated charge converted to a composite signal 
which is rerecorded. 


U.S. No. 2,880,404. W. T. Harris. Iss. 3/31/59. App. 5/13/55. Assign. The Harris Transducer Corp. 


Compact Resonant Sonar Transducer. A transducer having a tubular magnetostrictive elastic 
element with a mass fastened to the tube inside each end. 
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U.S. No. 2,880,510. H. H. Sisson and J. C. Calkins. Iss. 4/7/59. App. 2/3/55. Assign. Robert H. 

Ray Co. 

Apparatus for Locating the Position and Dip of Reflecting Strata and for Ploiting Ray Paths. A 
reflection plotting device having a frame to which flexible rectangular arms are fastened at points 
representing datum points, the arms being bent to simulate ray paths and having cross bars that 
represent reflecting horizons. 


U.S. No. 2,880,816. M. B. Widess and K. Dyk. Iss. 4/7/59. App. 11/30/55. Assign. Pan American 

Petroleum Corp. 

Seismic Surveying with Shear Waves. A seismic surveying system having a plurality of shear 
detectors oriented to have transverse horizontal sensitivity axes and using a source made up of a 
transverse horizontal array of shots that are detonated with time delay between them to initiate a 
transverse shear wave. 


U.S. No. 2,880,966. A. E. Blount. Iss. 4/7/59. App. 1/14/57. Assign. Jersey Production Research 

Co. 

Charge-Planting Motor-Bit Drill. A shot-planting drill for use in water-covered areas having a 
hose carrying at its lower end a hydraulic turbine that drives a drill bit, and having an annular 
charge-containing receptacle that follows the drill down and a cable reel that pays out the cap line 
when the drill stem is retrieved. 

U.S. No. 2,880,967. A. F.. Blount. Iss. 4/7/59. App. 8/9/57. Assign. Jersey Production Research Co. 

Apparatus for Planting Explosive Charges at Submarine Locations. A shot-planting device having 
a hydraulic turbine-actuated drill with an annular charge-containing receptacle that follows the 
drill down and has upwardly extending barbs that hold the charge and drill bit in the hole when the 
drill stem is withdrawn. 


U.S. No. 2,882,988. M. B. Dobrin. Iss. 4/21/59. App. 3/16/53. Assign. Socony Mobil Oil Co., Inc. 


Elimination of Near Surface Reflecting Effects. A method of eliminating the reflection from the 
base of the weathered layer by firing a second shot delayed by the travel time of the weathered-layer 
reflection and of reduced strength in proportion to attenuation of the weathered-layer reflection so 
that the latter is neutralized, or by combining attenuated records with a corresponding time delay. 


U.S. No. 2,883,154. J. P. Daniel, Sr. Iss. 4/21/59. App. 11/30/56. 


Method of Positioning Charges and Removing Drill Stems from Shot Holes. A method of loading 
a shot hole by lowering the charge through the drill stem while the drill is in the hole and forming the 
detonator wires into a large ball that frictionally engages the inside of the drill'stem, and then pulling 
the drill stem. 


U.S. No. 2,883,176. A. Bernstein. Iss. 4/21/59. App. 2/10/58. Assign. Sperry Rand Corp. 


Accelerometer. A variable air gap reluctance bridge type accelerometer having an E-shaped core 
fastened to the case and an armature suspended on flat leaf springs so as to move across the open 
ends of the core. 

U.S. No. 2,884,194. W. T. Evans. Iss. 4/28/59. App. 10/15/53. Assign. Sun Oil Co. 

Analog Computer to Determine Seismic Weathering Time Corrections. An electric analog computer 
in which currents representing times are algebraically added and indicated in a network with ad- 
justable resistances representing velocities. 

U.S. No. 2,885,023. H. O. Walker, Jr. Iss. 5/5/59. App. 12/19/57. Assign. The Texas Co. 


Reflection Seismic Exploration Method. A method of locating a pinchout by shooting a line over 
the suspected location and obtaining records showing a reflection from the sloping layer and shooting 
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the line and obtaining reflections from the immediately overlying horizontal formation at shot- 
detector distances which give the same angle of ray emergence as the reflections from the sloping 
layer. 


U.S. Re. 24,648. (Original No. 2,810,898). E. P. Meiners, Jr. Iss. 5/12/59. App. 12/28/54, 10/22/57, 
and 1/12/59. Assign. California Research Corp. 


Removing Normal Moveout from Seismic Traces. A device for removing normal moveout during 
reproduction of a seismogram having the reproducing heads mounted on a deformable beam trans- 
verse to the seismogram and gradually deforming the beam during the reproduction. 


U.S. No. 2,886,795. R. S. Thatcher. Iss. 5/12/59. App. 5/3/56. Assign. Dresser Industries, Inc. 


Apparatus for Generating a Family of Curves from a Single Master Control Element. A device for 
correcting seismograph traces for normal move-out by means of a carriage with actuators that move 
slits through which the traces are reproduced. 


U.S. No. 2,887,052. D. L. Coursen. Iss. 5/19/59. App. 3/18/58. Assign. E. I. Du Pont de Nemours 
and Co. 
Surface Wave Generator. An explosive assembly for producing a plane wave in the form of a square 
pyramid of explosive containing spheres of inert material in cubic closest packing and with detonation 
of the explosive matrix initiated at the apex of the pyramid. 


U. S. No. 2,887,053. O. A. Itria and H. L. Tanner III. Iss. 5/19/59. App. 7/30/54. Assign. The 
Texas Co. 


Explosive Assembly. An explosive assembly having male and female connectors for the ends of 
a column of explosive containers, each connector having a central recess and opening through which 
a detonating cord can be threaded and tied so as to connect vertically spaced units. 


U.S. No. 2,887,054. P. J. Bryan. Iss. 5/19/59. App. 1/13/56. Assign. E. I. Du Pont de Nemours 
and Co. 


Blasting Initiator. An electric delay cap in which the bridge wires are internally shunted by a 
connector having a resistive fusible material backed by a metal layer for the purpose of reducing 
arcing upon detonation. 


U.S. No. 2,887,577. L. W. Erath. Iss. 5/19/59. App. 2/17/56. Assign. Dresser Industries, Inc. 


Means for Atlenuating a Signal in Predetermined Patterns. An expander circuit for a seismograph 
amplifier in which a heated thermistor is substituted for the grounded fixed resistor of a voltage 
divider and upon reception of first arrivals the heating current is cut off so that subsequent cooling 
of the thermistor gradually decreases the attenuation. 


U.S. No. 2,887,955. A. B. Owen. Iss. 5/26/59. App. 6/29/54. Assign. Texas Instruments Inc. 

Seismic Mud Pump. A circulating pump for a shot hole drill having a double-acting reciprocating 
piston directly connected to a liquid motor driven by a constant displacement liquid pump on the 
prime mover. 


U.S. No. 2,888,089. R. G. Piety. Iss. 5/26/59. App. 9/27/56. Assign. Phillips Petroleum Co. 


Seismic Exploration. A reflection seismogram processing system in which adjacent traces each 
have their positive portion separated from the negative portion, the positive portions of the two 
traces multiplied, the negative portions of the two traces multiplied, the second product subtracted 
from the first product, and the result filtered and recorded. 


U. S. No. 2,888,256. H. B. Sedgfield. Iss. 5/26/59. App. 4/12/50 and 4/11/51. Assign. The Sperry 
Gyroscope Co., Ltd. 
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Accelerometers. An accelerometer in which displacement of the mass is detected by a variable 
air-gap capacitance in a bridge circuit whose output is fed to coils on the moving system which 
interact with stationary coils to produce a force that counteracts the acceleration and with current 
to the moving coils indicated, the stationary coils being energized by current proportional to other 
factors such as inclination or rate of turn obtained from appropriate indicators. 


U.S. No. 2,888,636. L. B. McManis. Iss. 5/26/59. App. 2/26/57. Assign. Dresser Industries, Inc. 


Signal Attentuator. An expander for a seismograph amplifier having a thermionic diode bridge 
with initial attenuation adjustment that is independent of the rate adjustment. 


U.S. No. 2,888,663. F. G. Blake and G. A. Schurman. Iss. 5/26/59. App. 3/14/55. Assign. California 

Research Corp. 

Apparatus for Combining Seismic Signals. A seismogram compositing system in which the traces 
are corrected for normal moveout during playback, recorded on a transfer drum with fixed time 
corrections, and then combined during second playback and recorded, the drums having independent 
drives that are synchronized with respect to the timing of the records. 


WELL LOGGING 


U.S. No. 2,875,612. D. W. Reed. Iss. 3/3/59. App. 12/28/55. Assign. Gulf Research & Development 
Co. 
Subsurface Flowmeter. A thermal type flowmeter in which a current-carrying thermistor is inside 
a heat-conducting protective tube and the space between the tube and the thermistor filled with an 
electrically insulating liauid kept in pressure equilibrium with the well fluid. 


U.S. No. 2,876,413. D. F. Saurenman and M. P. Lebourg. Iss. 3/3/59. App. 3/30/54. Assign. Schlum- 
berger Well Surveying Corp. 


Borehole Apparatus. An arrangement for pressing an electrode pad against the borehole wall, 
the pad being on two arms forming a parallelogram with the upper arm actuated by a spring-driven 
plunger. 


U.S. No. 2,876,549. B. Adamson and K. L. McNemar. Iss. 3/10/59. App. 1/14/57. Assign. Welex, 
Inc. 


Measuring Wheel. A cable measuring wheel having side sections which clamp expandible shoes 
forming the periphery of the wheel, the radius of the wheel being adjusted by means of bolts that 
put pressure on the side sections. 


U.S. No. 2,878,886. W. C. Overton, Jr. Iss. 3/24/59. App. 3/12/52. Assign. Socony Mobil Oil Co., 

Inc. 

Acoustic Well Logging with End Shielding. An acoustic logging system using a cylindrical source 
made up of a series of cylindrical wave transducers placed end to end and separately energized in 
phase and observing the input to the middle transducer for maintaining constant amplitude of 
oscillation. 


U. S. No. 2,879,126. E. W. James. Iss. 3/24/59. App. 5/10/52. Assign. Sun Oil Co. 


Method and Apparatus for Magnetic Recording in a Bore Hole. A system for making a magnetic 
recording in the sonde of a well logging or surveying apparatus in which the logged parameter is 
converted to displacement of a magnetic element from a reference element and converted to pulses 
which are recorded on a magnetic medium. 


U.S. No. 2,879,402. M. C. Ferre. Iss. 3/24/59. App. 7/3/53. Assign. Schlumberger Well Surveying 
Corp. 
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Directional Neutron Detector. A borehole neutron detector on a pad that is spring pressed against 
the borehole wall, the detector having a cylinder of boron filled with an ionizable gas and the boron 
being thin on the side facing the borehole wall and thick over the rest of its periphery so that particles 
generated by neutrons reach the gas only from the thin portion. 


U.S. No. 2,879,403. E. E. Rankin, Jr. Iss. 3/24/59. App. 11/13/56. Assign. Welex, Inc. 


System for Radioactive Logging. A gamma-ray logging system in which the integrating time 
constant of the detector circuit is automatically varied with logging speed. 


U.S. No. 2,879,468. J. P. Lamb. Iss. 3/24/59. App. 2/8/54. Assign. Dresser Industries, Inc. 

Earth Borehole Investigation System. A guarded electrode electric logging system using a three- 
conductor cable and in which a-c is supplied to well electrodes and the indications are converted to 
d-c and fed to the surface, 


U.S. No. 2,879,604. P. E. Chaney and R. A. Collier. Iss. 3/31/59. App. 1/17/56. Assign. Sun Oil Co. 
Tube Calipering Apparatus. A calipering device having circumferentially spaced feelers with a 


common actuating member and longitudinally sliding electric contact members between the actuating 
member and the feelers. 


U.S. No. 2,880,389. M. C. Ferre, N. A. Schuster, and F. F. Segesman. Iss. 3/31/59. App. 9/10/54. 

Assign. Schlumberger Well Surveying Corp. 

Electrical Resistivity Well Logging. A logging system in which a main current and an auxiliary 
current are used to vary the depth of penetration of the resistivity measurement, the auxiliary cur- 
rent being periodically varied to vary the depth of penetration during successive time intervals 
and with the measured potentials synchronously switched to different indicators. 


U.S. No. 2,880,613. B. F. Wiley. Iss. 4/7/59. App. 6/9/55. Assign. Phillips Petroleum Co. 
Flow Measuring Apparatus. A well flowmeter having a motor-driven impeller with the motor 


speed transmitted to the surface as a variable frequency signal, the speed of the motor being adjusted 
to give no flow in a parallel conduit around a baffle. 


U.S. No. 2,881,324. S. A. Scherbatskoy. Iss. 4/7/59. App. 1/4/54. 


Radiation Detector. A gamma-ray detector having three scintillation detectors interconnected 
with anticoincidence circuits and with one of the detectors having a collimating shield so as to obtain 
indications only for gamma rays in the horizontal plane, and Compton effect and pair formation effects 
are eliminated. 

U.S. No. 2,882,417. F. F. Johnson. Iss. 4/14/59. App. 8/10/53. Assign. Schlumberger Well Surveying 

Corp. 

Well Logging Method and Apparatus. An induced radioactivity logging system in which the 
sonde has caliper arms mechanically connected to the radioactive source so as to control the distance 
between the source and the detector in response to variations in borehole diameter. 


U.S. No. 2,883,256. P. B. Nichols. Iss. 4/21/59. App. 2/24/55. Assign. The Geolograph Co. 


Depth Recorder. A drilling rate and operations recorder having two pens that respectively record 
the time for drilling each foot of hole and the other drilling operations with a manually operated 
clutch to selectively couple the pen drives to the operating line. 


U. S. No. 2,883,548. P. E. Baker and S. B. Jones. Iss. 4/21/59. App. 11/4/55. Assign. California 
Research Corp. 


Radioactivity Well Log Transmission System. A well signalling system for radioactivity well 
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logging in which the detector pulses are amplitude discriminated and lengthened so as to use a 
standard logging cable for transmission to the surface. 


U.S. No. 2,883,757. W. J. Oliver. Iss. 4/28/59. App. 12/27/55. Assign. James M. Bird. 


Instrument for Measuring the Internal Diameter of Well Bores or the Like. A caliper logging device 
whose sonde has caliper arms carrying at their outer ends a quantity of radioactive material and 
having a detector in the body of the sonde. 


U. S. No. 2,884,534. R. E. Fearon and J. M. Thayer. Iss. 4/28/59. App. 7/30/49, 4/19/54, and 
6/28/55. Assign. Well Surveys, Inc. 


Well Logging by Selective Detection of Neutrons. A method of identifying petroleum by neutron 
well logging in which a source of fast neutrons is used and measuring the loss of neutron flux caused 
by hydrogen in the formation and the energy loss of neutron flux caused by oxygen in the formation. 


U.S. No. 2,884,589. W. M. Campbell. Iss. 4/28/59. App. 5/17/54. Assign. The Atlantic Refining Co. 


Weil Logging Recording Apparatus. An electric well logging system having a sonde with a large 
array of electrodes that are automatically switched at each depth location so as to plot the variation 
of resistivity radially from the borehole for the detection of mud invasion and porous formations. 


U.S. No. 2,884,590. W. C. Welz. Iss. 4/28/59. App. 10/16/56. Assign. Schlumberger Well Surveying 
Corp. 
Electrical Well Logging Systems. An electric well logging system having auxiliary focusing elec- 
trodes with the auxiliary current adjusted by degenerative feedback to effect substantially zero 
potential gradient at a point between the electrodes. 


U.S. No. 2,885,632. N. A. Schuster. Iss. 5/5/59. App. 8/27/56. Assign. Schlumberger Well Surveying 
Corp. 
Apparatus for Electrical Well Logging. An a-c electric well logging system in which focusing is 
effected by shifting the phase of the auxiliary current with respect to the main current by means of 
a degenerative feedback circuit. 


U.S. No. 2,886,397. G. J. Butterworth and E. T. Young. Iss. 5/12/59. App. 5/3/48, 9/18/53, and 
9/29/53. Assign. Sperry-Sun Well Surveying Co. 
Well Surveying Instruments. A pendulum type inclinometer in which the pendulum carries at its 
lower end a pointed electrode which moves over a concave mosaic formed by the upper ends of a 
bundle of insulated fine wires with their lower ends against an electrolytic record disc. 


U. S. No. 2,887,172. E. V. Hardway, Jr. Iss. 5/19/59. App. 11/30/53. Assign. Robertshaw-Fulton 
Controls Co. 


Well Logging Methods and Apparatus. A permeability logging system having in the sonde a 
mechanically driven source of volumetric pulsations of frequency such that a quarter wave length 
is larger than the borehole diameter and two receivers spaced from the source less than a quarter wave 
length, and comparing the outputs of the receivers to detect differences in acoustical properties 
of the adjacent formations. 


U.S. No. 2,887,298. H. D. Hampton. Iss. 5/19/59. App. 2/26/58. 


Well Bore Inclinometer. A well bore inclinometer that is housed in a drill collar and is activated 
by momentarily interrupting flow of drilling fluid, a pendulum being arranged to uncover a by-pass 
opening in the drill collar when the hole deviation exceeds a predetermined amount and flow through 
the by-pass detected by reduced pressure at the surface. 


U.S. No. 2,887,777. A. A. Root. Iss. 5/26/59. App. 12/3/56. Assign. American Can Co. 


Measuring Device. A device for measuring the cross-sectional area of a tube or bore by means 
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of a fixed length, variable volume piston having a flexible outer wall and whose interior is filled with 
fluid connected to a volume indicator. 


U.S. No. 2,888,309. D. R. Tanguy. Iss. 5/26/59. App. 10/7/55. Assign. Schlumberger Well Survey- 
ing Corp. 
Memorizing System. A mechanical device connected to the measuring sheave of a casing perforator 
that employs casing collar impulses for depth determination and which automatically corrects for 
the separation between perforator and collar locator. 


U.S. No. 2,888,568. S. B. Jones and W. E. Meyerhoff. Iss. 5/26/59. App. 12/2/53. Assign. California 

Research Corp. 

Nuclear Spectroscopy Well Logging. A neutron-gamma method of well logging in which the 
formations are irradiated by a neutron source shielded to eliminate gamma rays from the source, 
and neutron capture gamma rays are detected by a scintillation counter that is shielded from thermal 
neutrons, the output of the counter being fed to a pulse height analyzer which modulates oscillators 
to convey the information to the surface. 

U.S. No. 2,888,569. S. B. Jones. Iss. 5/26/59. App. 1/5/55. Assign. California Research Corp. 

Radioactive Bore Hole Logging (Beta Ray Detector). A beta ray detector for use in a well having 
a phosphor crystal mounted in a window in the wall of the sonde with one or more photomultiplier 
tubes in contact with the phosphor, the device being particularly suited for detecting radioactive 
krypton 85 when used as a tracer in a secondary-recovery operation. 

(See also Patents 2,876,078; 2,882,014; 2,883,856 listed under Geochemical Prospecting and 
Patents 2,879,398; 2,879,423; 2,880,326; 2,884,529; 2,886,713; 2,888,571 listed under Radioactivity 
Prospecting.) 

MISCELLANEOUS 


U.S. No. 2,876,434. L. M. Oberlin. Iss. 3/3/59. App. 10/1/51. Assign. Phillips Petroleum Co. 


Indicating and Control System. A selector circuit for a series of electrically operated gas-lift 
valves in a well having a dial-operated control and indicator showing the position of the valves. 


U.S. No. 2,877,080. J. D. Eisler, C. F. Hadley, and D. Silverman. Iss. 3/10/59. App. 7/2/56. Assign. 

Pan American Petroleum Corp. 

Varaiable-Intensity Recorder. A multichannel recorder having styli in contact with an electro- 
sensitive record, with the styli either rotated across a curved record with electronic switching or 
with the styli on individual heads that are transversely oscillated and arranged to be shifted longi- 
tudinally to introduce time corrections. 


U. S. No. 2,878,094. F. C. Dickinson. Iss. 3/17/59. App. 4/9/53 and 4/8/54. Assign. Rotol, Ltd. 


Methods and Apparatus for Recording Electrical and Mechanical Vibrations. A high-speed photo- 
graphic recorder having a rapidly rotating drum with automatic control to record only once on any 
part of the record which traverses the outside of the drum, and with the record supply and take-up 
spools mounted on the inside of the drum and automatically adjusting a movable counterweight to 
keep the drum in balance. 


U.S. No. 2,878,578. E. L. Howard. Iss. 3/24/59. App. 10/16/57. 


Geophysical Instrument for Measuring the Dip and Strike of Geological Strata. A device for directly 
measuring dip and strike of an outcrop having a case with a pointer system pivoted on a vertical 
axis, the system carrying on one side a magnetic compass in a heavy frame in gimbals and on the 
other side a lighter pendulum-type inclinometer, a divided circle on the case being manually oriented 
so that its zero is parallel to the compass needle whereupon the strike is read from the pointer indica- 
tion and the dip is read from the inclinometer. 
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U.S. No. 2,879,942. H.-G. Doll. Iss. 3/31/59. App. 6/15/53. Assign. Schlumberger Well Surveying 

Corp. 

Tabular Function Generator. A computer for determining the value of a function of two variables 
in which successive values of the variables are tabulated as indicia in code on two tracks of a moving 
tape and counted by photocell-actuated counting circuits which develop a control potential that is 
compared with the function tabulated as a third track on the tape, the counting circuits being con- 
trolled by the input variables. 


U.S. No. 2,880,413. S. W. Wilcox and W. B. Garrison. Iss. 3/31/59. App. 8/28/53. Assign. Seismo- 
graph Service Corp. 


Methods and Apparatus for Determining Position. A hyperbolic phase-comparison type of radio 
location system in which the expansion of the intersecting sets of hyperbolic lines is used to remove 
ambiguity in the location determination. 


U.S. No. 2,881,044. J. D. Eisler, C. F. Hadley, and D. Silverman. Iss. 4/7/59. App. 10/8/56. Assign. 

Pan American Petroleum Corp. 

Electrographic Recorder. A multi-channel recorder in which the respective galvanometer deflec” 
tions are successively picked up by a series of photocells and converted to high-voltage impulses 
that are fed to appropriate styli on the edge of a disk rotating transversely to the direction of motion 
of an electrographic medium. 


U.S. No. 2,882,498. G. J. Turre. Iss. 4/14/59. App. 9/20/56. Assign. Hamilton Watch Co. 


Galvanometer. A galvanometer for a multielement unit with each galvanometer in a cylindrical 
mounting with windows opposite the coil and with detachable pole pieces that fit into the windows 
and are held in place by a thin nonmagnetic sleeve. 


U.S. No. 2,883,649. W. H. King, Jr. Iss. 4/21/59. App. 7/26/55. Assign. Esso Research and Engi- 
neering Co. 


Galvanometer Digitizer. A system for digitalizing a light-beam galvanometer deflection by passing 
the beam through a screen with opaque bands and collecting the light to a photocell whose output 
pulses are counted. 


U.S. No. 2,884,195. H.-G. Doll. Iss. 4/28/59. App. 9/20/56. Assign. Schlumberger Well Surveying 
Corp. 
Electro-Optical Function Generator. A computer having a pencil of light that passes through a 
small part of a screen that has zones of different opacity in accordance with the computed function. 
U.S. No. 2,884,628. A. L. Loomis. Iss. 4/28/59. App. 7/3/45. Assign. U.S.A. 


Long Range Navigation System. A radio location system using two spaced transmitters radiating 
pulses at regular intervals with the pulses from one transmitter following those of the other trans- 
mitter by a known time interval. 


U.S. No. 2,886,781. J. R. Tavis. Iss. 5/12/59. App. 12/14/54. Assign. Consolidated Electrodynamics 
Corp. 
Galvanometer Structure. A moving coil mirror-type galvanometer unit for insertion into a multi- 


element assembly and having both galvanometer terminals at the lower end of the unit and an ad- 
justing screw at the upper end of the unit. 


U. S. No. 2,886,782. H. I. Chambers and A. W. Fischer. Iss. 5/12/59. App. 5/17/56. Assign. Con- 
solidated Electrodynamics Corp. 


Suspension Means for String Galvanometers. A string galvanometer in which the flexible conductor 
is stretched between the ends of coiled leaf springs. 
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U.S. No. 2,886,964. J. J. Shapiro and N. M. Winslow. Iss. 5/19/59. App. 1/16/56. Assign. American 
Instrument Co., Inc. 


Porosimeter. A porosimeter having a pressure vessel containing the sample into which mercury 
is pumped at known pressures and the penetration of the mercury measured. 


U.S. No. 2,888,310. E. G. Perry. Iss. 5/26/59. App. 11/2/53. Assign. Texas Instruments Inc. 


Recorder. A recorder whose pen is mechanically driven by a driving motor through a pair of 
biased magnetic clutches whose outputs are connected to the pen arm through a push-pull linkage 
and with the clutches actuated by the input signal. 


SELECTED LIST OF U. S. PATENTS ISSUED DURING MARCH, APRIL, AND MAY OF 1959 


Patent No. Subject* Patent No. Subject* Patent No. Subject* 
2,875,501 2,876,858 2,878,467 316 
2,875,607 2,876,950 2,878,578" 
2,875,611 2,876,967 

2,875,612" 2,876,996 

2,875, 618-619 2,877 ,080« 

2,875,849 2,877 ,082 

2,875,952 2,877 ,326-327 

2,875, 964-965 2,877 ,348 

2,876,004" 2,877,352 

2,876,005 2,877 ,406 

2,876,058 2,877 ,4078 

2,876,059-060 2,877,554 

2,876,078 2,877 ,646 

2,876, 294-296 2,877 ,647 

2,876,321 2,877 ,649 

2,876,360" 2,877 ,669 

2,876,361 2,877 , 684 2,879, 128-129 
2,876,409 2,877 , 859" 2,879,142 
2,876,413" 2,877 ,948-950 2,879,176 
2,876,427* 2,877 ,958 2,879,341 
2,876,428" 2,877 ,967 2,879,385 
2,876,434" 2,878,006 2,879,393 
2,876,446 2,878 ,094* 2,879 , 398" 
2,876,548 2,878,321 2,879 , 399-400 
2,876,549 2,878,352" 2,879, 402° 
2,876,637 2,878,355 2,879, 
2,876,638 2,878,379 2,879 
2,876,639 2,878,388 2,879 ,468* 
2,876,641 2,878,390" 2,879,499 
2,876,643 2,878, 3918 2,879, 503-504 
2,876, 689 2,878,403 2,879, 506 
2,875,740 2,878,443 2,879,604" 
2,876,843 2,878 , 446-447 2,879 , 663 


* A key to the subject classification system will be found in Groruysics, v. 12, pp. 256-264 
(April, 1947). 
* Abstracted on preceding pages of this issue. 
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Patent No. Subject* Patent No. Subject* Patent No. Subject* a 
2,879,665 288 2,882,014" 252 2,883,863 16, 180 
2,879, 666 460 2,882,034 4, 68 2,883,931 136 ; 
2,879,668 16 2,882,046 224 2,883,932 48 
2,879 , 669 16, 180 2,882,059 484 2,884, 193 68 
2,879,670-672 16 2,882,118 324 2,884, 1948 68, 352 : 
2,879, 860" 360 2,882,347 224 2,884, 1958 68 
2,879,937 68 2,882,405 236 2,884,212 16 = 
2,879,941 68 2,882,416 196 2,884,345 196 . 
2,879,942 68 2,882,417" 304 2,884,348 224 
2,879,958 4, 16 2,882,488 228 2,884,529 308 
2,879,972 392 2,882,489 228 2,884,532 308 
2,880,073 168 2,882,498 160 2,884, 533 308 
2,880, 142" 172, 396 2,882,503 288, 460 2,884, 304 
2,880,279-280 224 2,882,518 224 2,884,535-539 308 . 
2,880,323 236 Re.24,634 68 2,884,552 416 : 
2,880,326" 308 2,882,725 148 2,884,582 16 7 
2,880,333 4 2,882,727 148 2,884, 589" 116 ; 
2,880,334 428, 484 2,882,731 288 2,884, 590" 116 
2,880, 389" 116 2,882,783 16 2,884,592 140, 228 
2,880,404" 376, 436 2,882,819-820 136 2,884,593 188 
2,880,413 312 2,882,988" 360 2,884, 608 484 
2,880,414 312 2,883,109-110 68 2,884, 6288 312 
2,880,415 316 2,883,126-128 16 2,884,781 140 
2,880,497 288 2,883, 154* 360 2,884,783-784 200 
2,880,510 352 2,883,176" 4 2,884, 787 16 
2,880, 613° 144, 148 2,883, 256" 100, 324 2,884,788 324 
2,880,616-618 16 2,883, 257 324 2,884, 836 48 
2,880,816" 360 2,883,270 168 2,885 ,023« 360 
2,880,935 68 2,883,301 224 2,885,255-256 324 
2,880, 966" 360, 136 2,883,478 484 2,885,488-489 224 
2,880,967 360, 136 2,883, 503 288 2,885,507 200 
2,880,969 80 2,883, 504 428 2,885,520 288 * 
2,881,005 484 2,883,542 308 2,885,565 216 ‘ 
2,881 ,044* 324 2,883, 304, 516 2,885,632" 116 
2,881,073 224 2,883,549 140 2,885,633" 124 
2,881,255 224 2,883, 550 308 2,885,644 484 
2,881,263 224 2,883,552 308 2,885, 665 316 if 
2,881,324" 304 2,883,555 308 2,885,668 316 
2,881,356 316 2,883,557-558 68 2,885,671 316 : 
2,881,392 68 2,883 , 642 108, 324 Re.24, 648" 352 2 
2,881,408 12 2,883 , 649" 68, 160 2,885,887 12 _ 
2,881,416 68 2,883,653 68 2,885,959 136 
2,881,418-419 68 2,883,655 68 2,886,051 412 
2,881,421-422 316 2,883,656-658 316 2,886,243-244 68 
2,881,617 288 2,883, 663 316 2,886,397" 520 
2,881,618 16 Re.24, 641 224 2,886,398 224 
2,881,658 324 2,883,757" 44, 304 2,886,634 12 
2,881,978-979 68 2,883,856" 252 2,886,650 224, 324 
2,881,990-991 16 2,883, 860 12, 140 2,886,651 484 - 
2,881,992 312 2,883,861-862 200 2,886,652 224 
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2,886,676 4 
2,886,678 484 
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68 224 
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Coastal and Submarine Morphology, Andre Guilcher, John Wiley and Sons Inc., New York, 1958, 
274 pp., $6.50. 


This book will be a valuable addition to the libraries of not only students, but workers in the 
fields of coastal morphology and marine geology. This is an English translation by B. W. Sparks and 
R. H. W. Kneese of Guilcher’s Morphologie Litorale et Sous-marine, first published in French in 1954. 
The present translation is based on a revised edition of the first publication. 

As indicated by the title, the book is devoted to coastal and submarine morphology; however, 
the major portion of the book (Part I, pp. 15-178) deals with coastal morphology. In Chapter I the 
physical processes, chemical mechanisms, and biological factors which influence coastal morphology 
are discussed. Guilcher then points out in Chapter II the difficulty of reconstructing ancient shore- 
lines and reviews current thought on shoreline changes due to eustatic and tectonic movements. The 
remaining chapters in Part I (Chapters III-IV) are concerned with descriptive coastal morphology, 
classification, and shoreline evolution. 

Submarine morphology is discussed in Part II of this book. As Guilcher points out, the actual 
significance of submarine morphology is not yet proportional to the large area of the earth’s surface 
covered by water. 

The more important concepts and ideas concerning submarine morphology are examined in 
Chapters VI through VIII. Some will feel the treatment of submarine morphology is not detailed 
enough. However, our present state of knowledge in this field is such that in only a few years time, 
much more information will be available and a more complete, world-wide, coverage of submarine 
morphological features will be possible. Many of the ideas concerning submarine morphology regarded 
as hypothetical by Guilcher in this edition are rapidly becoming accepted as fact. 

One of the outstanding features of this book is the detailed subject biography found at the end 
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of each chapter. These will be an invaluable aid to those who wish to pursue individual topics further. 

Many line drawings are used to illustrate concepts and morphological types. (While the book is 
not profusely illustrated with photographs, those that are included are excellent.) Large scale regional 
maps keyed to the local maps illustrating morphological features would be a helpful addition to this 
book. At present, reference to a geographical atlas is necessary in order to gain a thorough under- 
standing of many of the local morphological features mentioned. 

The knowledge embodied in this book is the fruit of many years of intensive study by the author. 
The geographical coverage of coastal morphological features is such that anyone interested in this 
field can not afford to be without it. 

C. C. DAETWYLER 
Jersey Production Research Company 
Tulsa, Oklahoma 


Geophysical Surveys in Mining, Hydrological and Engineering Projects, European Association of 
Exploration Geophysicists, The Hague, 270 pp., $3.25 to EAEG and SEG members, others, 
$4.50. 


The European Association of Exploration Geophysicists are to be commended for this badly 
needed volume presenting case histories of the use of geophysics in mining, hydrological and engineer- 
ing projects. 

The section on mining consists of 13 papers. Subdividing them geographically, 5 are from Scan- 
dinavia and one each from Yugoslavia, Portugal, France, Italy, Holland, the United States and Mauri- 
tania. Subdividing them geologically, seven are concerned with sulphide mineralization, two are 
concerned with uranium mineralization and one each is concerned with iron, coal, native sulphur 
and ceramic clay. 

All the papers describe the application of detail rather than reconnaissance geophysical techniques. 
The papers from Scandanavia reveal their customary competence in the application of electromag- 
netic methods. The paper from Yugoslavia describes the discovery of a large low-grade copper pyrite 
ore body. It should be of great general interest because of the economic importance of “disseminated” 
deposits. The papers on the use of geophysics on nonmetallics round out a good industry-wide cover- 
age. 

Although a geologic description accompanies each article, in some cases a more complete descrip- 
tion of the surface conditions would have helped evaluate the geophysical results. By surface condi- 
tions is meant such things as quantity and nature of cover, surface indications of mineralization 
and depth to mineralization. 

The volume presents examples of wide interest of the successful application of geophysical tech- 
niques in the mining industry. It is an important contribution to the science and art of geophysics. 

Geophysical surveys in hydrological projects are discussed in three papers. The first paper ana- 
lyzes the possibilities and limitations of geoelectric methods as applied in coastal areas of northwest 
Germany for the establishment of new waterworks or the expansion of old ones. 

Examples are given—using resistivity depth measurements—of determining the extent, depth, 
and thickness of permeable beds in the subsurface which relate to favorable places to drill for water. 
It is shown also that the extent, depth, and thickness of clay formations can be mapped by electrical 
measurements. 

The second paper presents six case histories of the use of the resistivity method in Illinois for 
locating water. Since 1935 to date the Illinois Geological Survey has made from 20 to 70 geophysical 
water investigations per year for water supplies for cities and small towns and individual farms. In 
the area studied, water comes mainly from beds of sand or gravel in the alluvium of Recent or Pleis- 
tocene and pre-Pleistocene streams in upland areas covered by glacial drift. The resistivity work was 
very helpful in choosing test hole sites for maximum water yield. 

The third paper describes how an area of about 108 square miles in Sicily was studied using the 
resistivity procedure. In six months and from the some 400 “electrical soundings’’ all the necessary 
fundamental data concerning underground hydrology was secured. This included a contour map 


* 
ES, 
ce 


REVIEWS 


of the surface of the Blue Clay basement which was used to help locate successful water wells. 
This section of the publication demonstrates clearly the wide usefulness of geophysical methods 
in the search for ground water. 

Five papers cover applications of exploration geophysics to hydroelectric projects. In the “great 
development” of the Rhone valley of France some 12 localities have been investigated geophysically 
on a stretch of that river about 190 miles long. The importance of geophysical surveys is evidenced 
by a total of 94 crew months of such work in the last 10 years. Of this effort, 74 crew months were 
with electrical methods and 20 crew months with seismic methods. Expressed differently the overall 
program kept one geophysical crew busy for 9.4 months each year. 

More specifically, in one survey at the Donzere-Mondragon locality—in the lower Rhone valley— 
electrical geophysical measurements indicated bedrock at an unexpectedly shallow depth. This finding 
led to a different layout of the tail race than originally planned and an excellent foundation for the 
powerplant. 

In asecond case it was found that soft sandstone—in the subsurface—that could be easily dredged 
could be distinguished from hard sandstone that must be avoided by a tail race. This was accom- 
plished through seismic refraction measurements. 

At the Sault-Brenaz Dam site in the upper Rhone valley a seismic survey supplied data for a 
contour map on the limestone bedrock on a 3-mile reach of the river. Two buried canyons some 150 
ft deep and less than 50 ft wide were discovered and mapped. 

In connection with a dam site, search was made for shallow bedrock on the left bank of the Rhine. 
Resistivity measurements revealed a decrease in depth from 450 ft to 120 ft of a conductive sub- 
stratum in a study of the configuration of basaltic bedrock. The results were confirmed by a magnetic 
survey that verified shallow volcanic rock in part of the area studied which was also checked by 
seismic lines. Results were in good accord with drilling. 

A seismic survey of the Lake of Molneno—in the Venetian Alps—showed that the limestone 
bedrock was over 300 ft deep rather than at shallow depth. The field study concerned water losses 
from a reservoir. Starting with the reservoir empty, electrical resistivity depth measurements at a 
series of stations were repeated at each nine meter increase in reservoir level. Results showed that 
the lower part of the overburden was not glacial clay as had been hoped. 

The publication is valuable for geophysicists in the United States and Canada who are so closely 
tied to finding oil because it shows that the geophysical arts can be successfully applied to other 
desirable undertakings. 

GEORGE R. ROGERS 
Bear Creek Mining Company 
Denver, Colorado 


Dart WANTLAND 
U. S. Bureau of Reclamation 
Denver, Colorado 


The Earth and Its Gravity Field, W. A. Heiskanen and F. A. Vening Meinesz, McGraw-Hill Book Com- 
pany, Inc., New York, 1958, 470 pp., $12.50. 

As the title of this book hints, its concern is with what we can learn about the earth’s shape and 
constitution from measurements of gravity on its surface. The book was written by two distinguished 
geophysicists, whose lives have been spent in research in two fields: first, that of physical geodesy, that 
is, the part of geodesy which uses gravimetric measurements; and second, in what might be called 
large scale structural geology. The importance of the book arises from the fact that it makes available 
a guide to, and a summary of, their work and of work inspired by them. The level of the book is that 
of graduate work; whatever mathematics is necessary is used without apology. 

Chapter 1 is an outline and summary of the material treated in the book while Chapter 2 reviews 
the data known from seismology and geomagnetism regarding the interior of the earth. Chapters 3-7 
deal with the earth’s gravity field, specifically the necessary potential theory, the making of gravity 
measurements and their reduction, and isostasy and its verification through measured gravity 
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anomalies. Chapters 8 and 9 are devoted to physical geodesy. The final part of the book, Chapters 
10-12, deals with problems of tectonophysics, specifically deformations of the earth’s crust, de- 
velopment of geosynclines, postglacial readjustment, island-arcs, graben formation, convection 
currents in the earth, origin of continents and oceans, and polar migration. 

Since this review appears in Geopnysics, it seems appropriate to mention those portions of par- 
ticular interest to exploration geophysicists. Chapter 3 discusses normal gravity formulas and the 
potential theoretic considerations leading up to them. Chapter 4 is on gravity measuring instruments 
and to my knowledge is the most complete and up-to-date published account available. Chapter 
6 discusses the reduction of gravity measurements, including the free-air, Bouguer, condensation, and 
inversion reduction methods; terrain corrections; and the expected thorough treatment of isostatic 
reductions. Isostasy is further considered in Chapters 5 and 7. Chapter 8 discusses reference ellip- 
soids, geoids, and deflections of the vertical. In connection with the chapters on tectonophysics, two 
relevant papers published in Geopnysics appear to have been overlooked. They are by C. W. Horton, 
“Interpretation of isostatic anomalies south of Java, using integral equations and crustal deforma- 
tion theories,’ Volume 11, pages 183-194 (1946), and by Ross Gunn, “Quantitative aspects of juxta- 
posed ocean deeps, mountain chains and volcanic ranges,” Volume 12, pages 238-255 (1947). 

Section 2-4 contains what appears to be an original presentation of the theory of homogeneous 
strain, due to Vening Meinesz. It would have been very helpful to readers if the authors had expanded 
the treatment to make it stand independently or had at least keyed it to some specific well-known 
textbook. The original Vening Meinesz paper referred to on page 14 is itself somewhat casual in re- 
gard to notation and may not be available to most geophysicists. Possibly a desirable uniformity in 
definition and notation exists among the users of vector and tensor analysis in the Netherlands but 
this is certainly not the case for their American counterparts. 

On page 41 it should have been mentioned what restrictions are placed on the function /(@, A), 
the boundary values of a potential function on the surface of a sphere, so that the series developments 
listed will be valid. 

One usage which causes confusion, at least to those who are not professional geodesists, is the 
special sense given to the word “spheroid.’”’ The customary mathematical definition of spheroid is 
ellipsoid of revolution; in geodesy it is used to designate a surface differing little from a sphere. Thus 
it would have been very helpful to explain the exact sense in which the term is used in this book, 
especially since ellipsoids come up simultaneously. The term “spheroid” occurs first on page 2 and 
next on page 42, without definitions in both cases. On the latter page the definition of “earth sphe- 
roid”’ is somewhat circular since it is defined in terms of the flattening of the geoid, which flattening is 
not defined until page 50. My mention of these points is not intended as an adverse criticism; actually 
the treatment here is a marked clarification of the traditional presentation of this field. 

In conclusion, this book provides for those working in geophysics and tectonophysics an authori- 
tative guide to some very fundamental, if abstruse, topics. It is safe to predict that it will become a 
classic in its field. 

Tuomas A. ELKINS 
Gulf Research & Development Company 
Pittsburgh, Pennsylvania 


Interpretation of an Aeromagnetic Survey in Indiana, John R. Henderson, Jr., and Isidore Zietz, 

U.S.G.S. Professional Paper 316-B, U.S. Government Printing Office, Washington, 1958, pp. 18- 

37, 75¢. 

In cooperation with the State, the United States Geological Survey made an aeromagnetic 
survey of Indiana during 1947, 1948, and 1950. Ninety-two county aeromagnetic maps were published 
during the years 1949, 1950 and 1951, at a scale of 1 inch=1 mile using a contour interval of 10 
gammas. No latitude and longitude corrections were applied to these data, 

Professional Paper 316-B shows the results of assembling these data to produce a regional total 
magnetic intensity map of Indiana at scale 1:500,000 using a contour interval of 50 gammas. This 
map, together with a regional gravity map prepared by the Indiana Geological Survey in 1953, has 
been studied by the authors to determine the regional structure of the pre-Cambrian basement 
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surface. The methods used are those described in the Geological Society of America (1951) Memoir 
47, by Vacquier, Steenland, Henderson and Zietz. 

In addition to the 1:500,000 aeromagnetic map and the interpreted pre-Cambrian basement 
surface map, the paper has other regional geological and geophysical maps of interest. 

The reviewer regrets that the authors did not make corrections for latitude and longitude while 
they were revising the regional total intensity magnetic map. Although it could be argued that the 
lack of such corrections would have little effect upon basement depth determinations, nevertheless 
a map having corrected data would be desirable when it is to be incorporated into still more widespread 
displays of magnetic data. 

Prof. Paper 316-B is recommended by the reviewer as a good exposition of various reasonable 
interpretations and speculations concerning geologic structure which can be made using magnetic 
and gravity data. As such, it is a real contribution to the geophysical literature of Indiana. 

RoBERT J. WATSON 
The Carter Oil Company 
Tulsa, Oklahoma 


Handbook of Electric Blasting, David M. McFarland and Guy F. Rolland, Atlas Powder Company, 
Wilmington, 1959, 51 pp., free. 


This pocket-sized booklet apparently is intended to acquaint experienced, fuse-cap shooters 
with the techniques and advantages of using electric blasting caps. Its usefulness to the seismic 
shooter is, therefore, very limited indeed. It contains a complete explanation of how electric caps 
are constructed, and the circuitry necessary to detonate them. Much of the latter explanation is not 
applicable to seismic surveying and, conversely, some information essential to the seismic shooter is 
not included. Most objectionable to this reviewer is the fact that the greatest dangers to seismic 
shooters such as shooting near high lines are not even mentioned. Even worse, a casual reading of the 
section on radio frequency energy could lead a shooter to believe that a few hundred feet is a safe 
shooting distance from a 50 kw AM broadcast transmitter. 

Tuomas L. SLAVEN 
Western Geophysical Company of America 
Los Angeles, California 


A Note on the Propagation of a Sound Pulse in a Two Layer Liquid Medium, J. H. Rosenbaum, 
Journal of Geophysical Research, Volume 64, 1959, pp. 95-102. 


This paper resolves a discrepancy that exists between theoretical investigations performed by 
Pekeris (1948) and Officer (1953) and an experimental study pursued by Knudsen (1957), concerning 
the propagation of a pressure transient in a low velocity liquid layer overlying a homogeneous and 
isotropic liquid half space. The discrepancy is associated with the amplitude decay of the initial 
pressure wave with large horizontal distance r. In the theoretical studies, contributions to the initial 
pressure field arise from both normal mode contributions and an integration around a branch line. 
Pekeris obtained expansions for these two contributions in which the leading terms decayed as 
r?, and respectively. However, the term appears to arrive with a 
vanishingly small amplitude and hence Pekeris concluded that the first arrival has an r-? dependence. 
In contrast to this, the investigation of Officer indicated a branch line contribution decaying as r~'. 
In Knudsen’s experimental results, the amplitude of the first pressure arrival actually diminishes as 

Rosenbaum enters into a very detailed theoretical analysis in order to clarify the nature of the 
initial disturbance in question. He shows that for the first arrival, cancellation occurs between the 
leading terms of the normal mode and branch line contributions, each of these terms actually decay- 
ing with horizontal propagation distance as r~*/?, The following terms do not cancel and have an 
r-® dependence, thus yielding a decay with horizontal range that is compatible with Knudsen’s 
experiments. Rosenbaum’s paper illustrates that a meticulous investigation of both the branch 
line and normal mode contributions is necessary in order to gain an accurate knowledge of the 
amplitude of the first significant arrivals. 
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Publication of Rosenbaum’s work overlaps with a recent publication of Pekeris and Longman 
(Journal of the Acoustical Society of America, 1958, 30, 323) in which the same problem is investi- 
gated using a ray theory approach, the relevant computations being performed on a digital computer. 
Unfortunately, the waveforms published by Pekeris and Longman do not permit an evaluation of 
the amplitude decay of the first significant arrival at large ranges. It would be of value to derive such 
information from this exact ray theory technique. 

In an appendix, Rosenbaum enters into an interesting discussion of normal modes which are 
characterized by possessing complex rather than real propagation constants. The imaginary part 
infers that the disturbance associated with the mode will be attenuated exponentially with horizontal 
range. Thus in the problem of the low speed water layer, the effect of the complex modes at large 
ranges will be insignificant in comparison with the disturbance occasioned by the real modes. In 
the situation involving a high speed stratum, however, real modes do not occur and consideration of 
the complex modes is of prime importance. The treatment of this problem would be of considerable 
significance to refraction seismology, and from this standpoint it is noteworthy that Rosenbaum finds 
it more convenient to treat complex mode contributions by a formulation different from that employed 
in his current paper. The reviewer would welcome the opportunity to inspect this preferred formula- 
tion and expresses the hope that it will be published in the near future. 

J. W. C. SHERWOOD 
California Research Corporation 
La Habra, California 


Elastiche Wellen in Anisotropen Medien (Elastic Waves in Anisotropic Media), K. Helbig, Gerlands 
Beitrige zur Geophysik, Bd. 67, 1958, pp. 177-211, 256-288. 


The propagation of elastic waves in anisotropic media is in this paper considered from various 
points of view. In an introductory chapter Dr. Helbig discusses phase and group velocity, the three 
surfaces by which the anisotropy can be characterized, and the adaptation of Fermat’s and Huygens’ 
principles to wave propagation in anisotropic media. In the second chapter Hooke’s law in its most 
general form is introduced in the equations of motion, resulting in a set of characteristic equations, 
which in turn lead to the definition of three characteristic phase velocities of plane waves and corre- 
sponding displacement vectors. The phase velocities are found to be functions of the direction of the 
normal to the plane of equal phase. These well-known generalities are then applied to the special 
case of transverse isotropy. In chapter three the relationship between a stratified medium and a 
transversely isotropic one is further explored. Finally, in the fourth chapter a number of model experi- 
ments are discussed in which the anisotropic behavior of lamellated materials is examined. 

It seems a pity that Dr. Helbig has tried to include so many topics in one article. The result of 
this has been that, for instance, the discussion of phase and group velocity bogged down in mere 
formalism, the physical (or geometrical) interpretation of which is not adequately treated. There is no 
explicit mention of the methods of stationary phase or saddle-point, to which the concept of group 
velocity is intimately related. The concept of “ray velocity’”’ is introduced without definition. There 
are other statements which need elaboration like the one on page 185 where it is said that the wave 
surface separates two parts of space, the inside where the medium is disturbed, the outside where it is 
not. What is the inside and what is the outside when the wave surface has cusps? 

With regard to the dispersion in a stratified medium (page 266), the reviewer would like to call 
attention to the fact that the phase velocity of waves traveling perpendicularly to the layers does not 
uniformly approach a limiting value when the frequency is increased. The phase velocity jumps at 
certain values of the frequency. At these jumps the group velocity is zero. 

For those interested in the details of wave surfaces and body wave velocities in anisotropic media, 
Helbig’s article certainly contains many useful results. A list of 57 references contributes to the value 
of the paper. 

G. W. Postma 
Shell Development Company 
Houston, Texas 
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Bulletin of the Earthquake Research Institute, v. 37, pt. 1 (March, 1959) 

Chronique de ? UGGI, nos. 19 & 20 (March & April, 1959) 

Erdél und Kohle, v. 12, nos. 4 & 5 (April & May, 1959) 

Geologija, v. 4 (1958) 

Geophysical Abstracts, vy. 176 (January-March, 1959) 

Geophysical Digest, v. 6, n. 3 (July, 1958) 

Institute of Petroleum Review, v. 13, n. 150 (June, 1959) 

Journal of Geophysical Research, v. 64, n. 6 (June, 1959) 

Journal of the Institute of Petroleum, v. 45, n. 426 (June, 1959) 

Journal of Petroleum Technology, June, 1959 

Mining Engineering, v. 11, n. 6 (June, 1959) 
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ABSTRACTS FROM GEOPHYSICAL PROSPECTING 
Official Journal of the European Association of Exploration Geophysicists* 
Volume VII, Number 1, March, 1959 
Ammonium Nitrate: Economy blasting agent for oil exploration 
T. O. Hatt AND J. MARTIN 


This paper has been published in Geopuysics, v. 24, 1959, p. 155-163. A record of oral discussion 
follows its presentation in Geophysical Prospecting. 


Aspects théoriques et pratiques de la détermination des vitesses d’inlervalle en sismique réflexion 
J. Y. CHEREAU AND LEpoux 

Conventional or continuous velocity logging generally fail to solve the problem of velocities in 
the whole area of a seismic survey. Surface measurements often bring a large amount of additional 
information: effect of shallow layers, change of facies, correlations. The authors present a theoretical 
view on the physical meaning of interval velocities. After a short synthesis of the diverse formulae 
formerly proposed (Faust, West), the practical manner of using these formulae and the accurate 
interpretation obtained with the help of geological and geophysical data are shown. Several character- 
istic examples are finally explained and commented on. 


Laboratory determinations of elastic properties of some limestones 
J. Kuper, W. M. L. vAN RYEN AND O. KoEFOED 


Using a resonance method, determinations have been made of the longitudinal bar velocity and 
of Poisson’s ratio of thirteen different chemically pure limestones. The relation between the velocity 


and the density showed far less scatter than in the determinations previously published; this is 
primarily attributed to the high purity of the specimens used. The measurements further showed a 
tendency of the values of Poisson’s ratio to increase with increasing density. 


The use of electronic digital computors for the evaluation of gravimetric terrain corrections 


M. H. P. Borr 
A method is described in which the major part of gravimetric terrain corrections may be esti- 
mated by digital computing methods. 


Some depth formulae for local magnetic and gravity anomalies 


R. A. 
Some mathematical inequalities are proved and their relevance to the interpretation of local 
magnetic and gravity anomalies is discussed. They can be applied to the readings of either a vertical 
magnetometer or a total field magnetometer or a gravimeter and yield a maximum possible value for 
the depth below the earth’s surface of the top surface of the body producing the anomaly. 


The field of a dc element, applied to conductively energized pencilformed ore bodies 


K. J. OVERHOLT 


The electric and magnetic field of a direct-current element, embedded in a space consisting of two 
halfspaces differing in conductivity and permeability, is given in a form suitable for integration 
along a cable. From these formulae is obtained the field when one end of a dc cable is grounded in a 
highly conducting, pencilformed ore body, considered as a line electrode with uniform current leakage. 
Numerical examples are given for a horizontal line electrode. The formulae should be useful as a first 
approximation to the ac case. The validity of this is shortly discussed. 


* 30, Carel van Bylandtlaan, The Hague, Netherlands. 
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Impédances et matrices caractéristiques en prospection électromagnétique 
J. Loes 


An analogy is established between the propagation of an electromagnetic field in a horizontally 
stratified conductive medium and that of currents in a linear electric network. This analogy will allow 
us to know in which case measurements executed at the surface of the ground can provide information 
about the properties of deeper layers. The situation is the same as when one tries, by means of imped- 
ance measurements at the input terminals, to know the properties of electric lines or lumped net- 
works. 

A symmetrical linear network establishes between: 

Voltages V; and V2 (respectively at input and output terminals) 

Currents J; and J2 (respectively at input and output terminals), the relationship 


V2 = Vi cosh T — Zi, sinh T 


V 
I= — sinh cosh’ 


T' is called the “phase constant’ and Z the characteristic impedance 
The table 


cosh T° —ZsinhT 


1 


is called “characteristic matrix.” 

If one then takes the horizontal components of an electromagnetic field, one can compare the 
voltage V with the horizontal electric field E (in volts m~) and the current J with the horizontal 
magnetic field H (in Amp m™). 

For plane waves in vacuum, one gets (Schelkunoff) 

Z = C (velocity of light) 

A layer whose thickness is D has a phase constant 

= 2rD/d (A = wavelengih) 


For plane waves in a conductive, non magnetic medium whose conductivity is 6, one gets 


Z = ky/j/4u8, = 


where 
7 = w = angular frequency, k? = 


For the system of waves created by a point-source one expresses the solution, since it is classical, 
as a sum or integral of different modes. For each of these modes, one can still write a bilinear relation- 
ship similar to (1), and calculate Z and I. 

A generalization of this result is given. 

Boundary conditions that exist at the surfaces of separation are met by writing the continuity 
of E and H. This condition exactly corresponds to the fact that there is but one V and one J at the 
junctions of various sections of lines, or networks. 

The characteristic matrix of a cascade of networks—or here that of a horizontally stratified 
ground—is the product of the matrixes of each network. If, in addition, one knows the end impedance 
—here the conductivity 5, of the last layer, supposed to be infinite—one can compute the input imped- 
ance R, of the whole system. In electromagnetic prospecting, it is R, that conditions the observable 
field. 

Inversely, if measurements were infinitely accurate, the knowledge of the surface field would give 
all the thicknesses D and conductivities 6 of intermediate layers, in the same way that impedance 
measurements at the input terminals of a cable would allow to locate any failure. The imperfection 
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of measurements causes the elements located too far away (from the point of view of wave attenua- 
tion) to escape detection. 


Differential electric log 
U. Cotomso, G. SALIMBENI, G. SrRONI AND I. VENEZIANI 


A new logging method, which makes use of specific chemical reactions to locate petroleum or 
other minerals has been developed. The method has been named “Differential Electric Log” (CED). 

In this paper the application to the CED method of redox (reduction/oxidation) reactions is 
discussed. A series of organic oxidants was found, capable of undergoing reaction with crude oil, 
sulphur, mineral sulphides, lignite. A small amount of an oxidant of this type is added to the drilling 
fluid and pumped into the borehole where reaction takes place in correspondence with layers contain- 
ing oxidizable minerals. Two SP logs, recorded before and after the oxidation, are compared and 
the presence of such minerals is thus detected. 

A theoretical hypothesis explaining the mechanism of the potential change due to the chemical 
reaction is proposed both in the case of electronically conducting and non-conducting minerals. The 
influence of redox potential on SP is discussed. 

The results of laboratory experiments on several different oxidizable ores and those of field tests 
performed on pyrite, lignite, and oil wells are reported on and discussed on the basis of the theoretical 


hypothesis proposed. 


On the detection of a spring of mineral water at Bad Peterstal, Schwarzwald, as a result of previous COx— 
measurements in the ground air 


E. BupDE 


In nine small areas in the Black Forest measurements were made of the CO: content of ground 
air, using a method which is based on the difference in heat conductivity between CO: on one side 


and N2 and O2 on the other. Measurements during four days yielded four strong CO: anomalies. At 
one of these a well was sunk, which gave a considerable discharge of mineral water. 
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LETTERS TO THE EDITOR 
AID AND COMFORT TO THE EDITOR 


Thank you for your letter of April 17. Iam glad the Silver Anniversary Issue is in your competent 
hands. We will try to help make the issue a good one by sending some papers as candidates for the 
honor of inclusion in the February 1960 issue, keeping in mind your absolute deadline of October 1. 

I cannot imagine any improvement on your basic plan for this issue, that is, a portion devoted to 
historical phases and a portion to unusually good papers. 

I hope that the other readers are as well pleased as I am with Dorman’s paper in February 1959 
Gropuysics, though I suppose that it is inevitable that a few who are not able to appreciate the 
mathematical work might have registered objections. We have access to a better automatic type- 
writer now and if we try this means of publication again we will be able to improve the appearance of 
the offset tables. I greatly appreciate the thought and effort you put into this paper. I consider it an 
important pioneering step in method of publication important to all geophysicists. 

Mavrice EwInc 

Lamont Geological Observatory 
Torrey Cliff 

Palisades, New York 


Received by the Editor April 23, 1959 
GEOPHYSICS NOT PRACTICAL 


To PRESIDENT McCoLtum: 

Thank you so much for your letter of recent date welcoming me as a new member of the Society. 
Since I am just one of many tyros in the field I was gratified by your consideration. 

I sincerely trust that both the Society and myself will be bettered by my membership acceptance. 
Indeed, the Society has done much to promote its aims in the past years. While I cannot contribute 
as yet any paper of scientific value, I do have one suggestion to offer—If you will excuse the possible 
effrontery of a tyro. Could not the magazine have some fifty percent of its articles written for the 
beginner and/or the worker in the field of exploration geophysics? Among my friends in the Society, 
one recently voiced the opinion of many. He said, “Sure, I received the magazine, but I do not have 
it sent to me here as it is beyond understanding and is no longer practical.”’ He is a man of five years 
geophysics experience and a college graduate in Geology. While I do receive the magazine here and 
try to understand some of the articles, I am inclined to agree with him. Most of the articles are far 
afield from matters concerning the actual exploration geophysics we are doing or expect to do. Could 
not articles concerning, record computation, normal moveout, formulas for determining weathering 
data, the preparation of cross-sections, the indication of faults, etc., and the reasons thereof, be 
included from time to time? While I may not express myself too clearly, I do believe our sister publi- 
cation from the European Association more nearly fits the bill. 

Paut E. M. Iasic1 

United Geophysical Company 

Pasadena, California 
Received by the Editor May 7, 1959 


EDITOR’S REPLY 


We can be sympathetic with some of the requests of Mr. Iasigi. As mentioned in the Editor’s 
Report for 1958 (GropHysics December 1958, p. 897) we earnestly desire to publish more papers 
useful and understandable to the field man in exploration geophysics. That more papers of this type 
have not been published is due, almost entirely, to lack of submissions. Articles and short notes on 
novel computing procedures are welcomed. Papers on fault identification have appeared in GEopHys- 
ics, two of them receiving Best Paper Awards. 7 

It is not a function of GEopuyics to write articles designed for the beginner. The many good texts - 
on geophysics and the special lessons prepared by virtually all geophysical companies for their per- 


851 


: 


852 LETTERS TO THE EDITOR 


sonnel should satisfy that need. The recently released ‘Lessons in Seismic Computing”’ and the two 
volumes of ‘Geophysical Case Histories” represent SEG efforts to supplement that material. 

We take issue with Mr. Iasigi and his friends on the practicality of Gropuysics. It is practical in 
the important sense of assuring the continuance of exploration geophysics. Just as many present 
techniques and computing procedures can trace their origin and scientific justification to GEopHysIcs, 
so should tomorrow’s methods result to some degree from today’s technical papers. 

We believe that the physics-trained geophysicist, whether a research man or not, can read with 
some profit most of the papers concerning his special field. The “practical’’ geophysicist, while await- 
ing the writing of procedures manuals describing practical application of those papers, might profit- 
ably urge the submission of more manuscripts on field procedures. 

Tue EpiTor 


POOR ATTENDANCE AT 1958 AWARDS PRESENTATIONS 


Maybe it was the early hour and some of the membership had not recuperated from the parties 
the night before, or perhaps the registration at the beginning time of the Annual Meeting did not re- 
cord a sufficient number of the membership in attendance. On the other hand, my impression was 
that too many were milling around the exhibit booths at this important phase of the Annual Meeting. 

In his Letter to the Editor, Pimm states, “In a sense this poorly attended ceremony was a 
breach of etiquette.”’ This, I believe is a gross understatement of the situation. I sat on the second 
row from the podium during the presentation of the awards, and it struck me at the time that it was 
down right rude of those in the lobby and exhibit areas not to be in attendance at this important and 
propitious part of the Annual Meeting program. 

It was not only a dignified insult to those being honored by SEG, but showed a lack of respect 
for the Society in general, and the program committee in particular. 

Every member should read Pimm’s comments, Gropuysics, v. 24, April, 1959. p. 270-271. 

V. L. JONES 
Terrametric Exploration Company 
Tulsa, Oklahoma 

Received by the Editor June 13, 1959 
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CONTRIBUTORS 


C. H. AcHEsON was born in Johannesburg, South 
Africa, but has lived in Canada since 1926. Graduating 
from the University of Toronto in 1937, having majored in 
Mathematics and Physics, he received an M.A. degree in 
Geophysics in 1938. He joined the staff of Imperial Oil on 
graduation and worked in Colombia, South America for 
the next four and a half years, first as a gravity meter 
operator and later as party chief and interpreter. Transfer- 
ring to Western Canada in 1943 he worked with Imperial in 
Alberta and in the Northwest Territories, in charge of 
gravity and magnetic work. In 1946 he was transferred 
to Ecuador, South America as gravity supervisor and inter- 
preter. After a short trip to Peru he was transferred to 
Colombia where he worked from 1947 to 1950 as senior 
interpreter in gravity meter and magnetic work. Returning 
to Calgary in 1950 he transferred to seismic work, and 
after a few years computing joined the exploration research 
department. He is at present staff geophysicist in this C. BH Acumeos 
department. He belongs to the Society of Exploration 
Geophysicists, American Association of Petroleum Geologists and their Canadian affiliates; and to 
the American Geophysical Union. 


WaLTER C. BECKMANN received a Bachelor of Arts 
degree in physics from Columbia College in 1949 and has 
done graduate work in geophysics at Columbia University. 
In 1949 he joined the geophysics group in the Department 
of Geology at Columbia University, headed by Dr. Maurice 
Ewing, now the Lamont Geological Observatory. From 
1952 to 1955 he was with the Columbia University Geo- 
physical Field Station in Bermuda, returning to Lamont 
in 1955. 

His work has been focused on underwater sound propa- 
gation and on the propagation of acoustic and seismic 
energies in water-covered areas. He has been Chief Sci- 
entist of the Observatory’s 202-foot schooner Research 
Vessel VEMA for portions of cruises VEMA 5, 9 and 12. 

He is a member of the Society of Exploration Geo- 
physicists, The Seismological Society of America, The 
American Geophysical Union and the Royal Astronomical 
Society. 


WALTER C. BECKMANN 


t 
: 
2 
853 
: 


CONTRIBUTORS 


THEODORE R. MADDEN was born in Boston, Massachu- 
setts in 1925. He entered M.I.T. in 1942, but left to join the 
U.S. Marine Corps. He served as a radar technician assigned 
to the 4th Marine Air Wing. In 1949 he graduated from 
M.L.T. with a B.S. in physics, and entered the graduate 
school at M.I.T. in the Department of Geology and Geo- 
physics. He was appointed Assistant Professor in Geophys- 
ics in July 1958. He has spent most of his summers doing 
mining geophysical work, except for four summers spent 
on oceanographic and geophysical cruises of the Lamont 
Geophysical Observatory. 


THEODORE R. MADDEN 


DonaLp J. MarsHALL was born in Marlborough, 
Massachusetts in 1933. He received his B.S. degree from 
Massachusetts Institute of Technology in 1954. In June 
1955 he received an M.S. degree from the California Insti- 
tute of Technology with specialization in geophysics. Since 
that time he has been engaged in further graduate work in 
geophysics at M.I.T. and is doing thesis work in the field 
of induced polarization. He was a recipient of a Standard 
Oil Company of California Fellowship during the school 
year 1957-1958. 

His field experience includes several summers of mining 
geophysical work. 

Upon completion of his graduate work he will join 
Nuclide Analysis Associates of State College, Pennsylvania. 


DonaLp J. MARSHALL 
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W. W. GRANNEMANN was born October 11, 1923 in 
New Haven, Mo. He received a B.S. degree in Electrical 
Engineering, and M.A. and Ph.D. degrees in physics from 
the University of Texas. He was Assistant Professor of 
Physics at Arkansas Polytechnic College for two years, and 
worked three years as a research physicist at California 
Research Corporation. 

For the past three years he has been Associate Pro- 
fessor of Electrical Engineering at the University of New 
Mexico. At present he is Associate Director of the Engi- 
neering Experiment Station, University of New Mexico. 
He is engaged in solid state electronics research at the 
present time. 


W. W. GRANNEMANN 


BERNARD LuskKIN graduated in electrical engineering 
from the City College of New York in 1947 and received 
a master’s degree in E.E. from Columbia University in 
1950. He has been on the scientific staff of the Lamont 
Geological Observatory since 1948, engaged in the design, 
development and field application of geophysical instru- 
ments. Since 1956, he has been a consultant to the Times 
Facsimile Corporation on geophysical instrumentation. He 
is a member of the American Geophysical Union, the 
American Institute of Electrical Engineers, Institute of 


' i ‘ 5 Radio Engineers, Eta Kappa Nu and Tau Beta Pi. 


BERNARD LUSKIN 
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CONTRIBUTORS 


ARCHIE RoBeErtTs received a Masters degree in E.E. 
from Massachusetts Institute of Technology in 1951 and 
is a member of Sigma Xi. He has been with the Lamont 
Geological Observatory since 1953 working both at the 
Observatory and aboard the Research Vessel VEMA on 
design and application of geophysical instruments. He was 
formerly with the Western Electric Company. 


ARCHIE ROBERTS 


Biographies of the following authors appear in earlier issues of GEopuysics as follows: A. F. 
Gargi, v. 22, p. 945; C. W. Horton, v. 20, p. 710; B. F. Howell, Jr., v. 20, p. 180; Leon Knopoff, v. 22, 
p. 946; D. T. Liu, v. 24, p. 397; T. C. Richards, v. 23, p. 380; S. H. Ward, v. 18, p. 482. 
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SOCIETY ROUND TABLE 


COMMITTEES FOR THE YEAR ENDING IN NOVEMBER 1959 


EXECUTIVE COMMITTEE 


President: E. V. McCottum, E. V. McCollum and Company, Tulsa, Oklahoma 
Vice-President: W1tt1aM M. Erpant, Skelly Oil Company, Tulsa, Oklahoma 
Secretary-Treasurer: ROBERT Dyk, Tidewater Oil Company, Los Angeles, California 


Editor: LAWRENCE Y. Faust, Amerada Petroleum Co: 


ration, Tulsa, Oklahoma 


Past President: O. C. CiirForp, JRr., The Atlantic Refining Company, Dallas, Texas 


Nominations 
E. V. McCottum, Chairman 
O. C. CiirForp, JR. 
Roy F. BENNETT 


Tellers 
R. A. WEINGARTNER 


Honors and Awards 
Curtis H. Jonnson (759), 
Chairman 
Roy L. Lay (’60) 
Paut L. Lyons (’61) 
R. C. Duntap, Jr. (’62) 
Roy F. Bennett (’63) 


Constitution and Bylaws 
W. M. Rust, JR., Chairman 
H. GREEN 
W. W. Harpy 
Paut L. Lyons 
L. L. NETTLETON 


SEG Foundation 


FRANK GOLpDSTONE (’59), 
Chairman of Trustees 
Hucu M. Turatts (’60), 


Trustee 
Bart W. Sorce (’61), Trustee 


American Geological 
Institute Directors 


Roy F. (’59) 
O. C. JR. (’60) 


AGI Glossary 
. A. GEYER, Chairman 
W. 
S. HuGHEs 

L. Lyons 

. L. NETTLETON 
. C. SKEELS 
. VAN WEELDEN 
. WiILson 


— 


AGI Committee on 
Licensing 
A. E. McKay, SEG Member 
AAAS Council 
Representative 
F. BEERS 


Distinguished Lectures 
OHN BeMROSE (’59), Chairman 
ILTON Born 
A. J. Hintze (’60) 
J. WELDON Tuomas (’60) 
A. W. MuscraveE (’61) 
Georce P. Woo.tarp (’61) 


Safety 
. SELLERS, JR., Chairman 
BRANTLEY 


OP 
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RLES L. HUGHES 
KInTz 


H 
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Mining Geophysics 
H. LeRoy Scwaron, Chairman 
C. HOLMER 
GEorGE V. KELLER 
Rosert J. Lacy 
NELSON C. STEENLAND 
R. Maurice Tripp 
RosBert G. VAN NosTRAND 
STANLEY H. Warp 


Membership 


Howarp E. IttEn, Chairman 
WALTER D. Barro 

L. R. BAXENDALE 

C. Brovussarp 
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Publicity 
H. C. Tatiey, Chairman 
Sam W. ALLEN, JR. 
A. W. Brack 
Joun M. CocHRANE 
R. C. CoLe 
C. E. 
FRANK ELLSWORTH 
Joan D. Erwin 
W. C. Fry 
S. E. Groxio 
Mitton S. HATHAWAY 
B. G. HuBNER 
Roy E. LAwson 
F. F. LAMBRECHT 
P. E. MAcKEY 
Don D. Matson 
A. A. MILTON 
Marc RoBERTS 
D. R. ScHEEL 


Business & Finance 
James F. JoHNson (’59), 
Chairman 
Frank E. Brown (’60) 
E. H. Wettscu (’61) 


Publications 
Cecit H. GREEN, Chairman 
Sicmunp I. HAMMER 
H. B. Peacock 
SmNEY SCHAFER 
RoBeErtT J. WATSON 


Subcommittee on Transla- 
tion of Russian 
Publications 


Irwin Roman, Chairman 
Paut P. REICHERTZ 
J. J. Roark 


Reviews 

FRANKLYN K. Levin, 

Chairman 
W. T. Born 
Tuomas A. ELKIns 
W. W. Garvin 
Sicmunp I. HAMMER 
CHWAN-CHANG LEE 
Joun E. NaFe 


Mark D. BUTLER 

LEE Compton 

Tom E. Daty 

H. F. Dopson 
F. E. Jr. 
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Cart H. Savit 
ViIcTOR VACQUIER 
J. E. WHITE 


Index of Wells 
V. U. GarrHEr, Chairman 


Case Histories 
Dave P. Cartton, Chairman 


Geophysical Activity 
H. G. Patrick, Chairman 
KENNETH L. Cook 
R. J. CopELAND 
HERBERT Hoover, JR. 
SANTOS Ficui:ROA HUERTA 
C. N. Hurry 
Inpa 
Bart W. Sorce 
L. R. TucKEeR 


Education 
Josuua L. Soske, Chairman 
Victor J. Brum, S.J. 
P. E. DEHLINGER 
G. D. GARLAND 
J. W. Hoover 
J. B. Hupson 
V. VACQUIER 


Radio Facilities 
B. D. LEE, Chairman 


Ark-La-Tex Society 
(6), Shreveport, La., chartered 
March 12, 1949, officers elected 
inYMay. Meetings: Monthly, last 
Monday, noon luncheon ($1.50), 
Captain Shreve Hotel. 

Virgil Teufel, pres. 
. A. Boydstun, 9-pres. 
. H. Wardell, secty-treas., West- 
ern Geophysical Co., 322 Fair- 
field Bidg., Shreveport, La. 


Canadian Society of Exploration 
Geophysicists (9), Calgary, Alta., 
chartered January 24, 1952, 
officers elected in February. 
Meetings: Monthly, no set sched- 

Kidder, pres. 
B. Debrin, »-pres. 
. Savage, secty-treas., Nance 
xploration Co., Condon Bldg., 
Calgary, Alta, 


Casper Geophysical (11), 
Casper, Wyoming, Chartered 
May 23, 1953, a elected in 

Monthly, ist 
y, P.M., dinner 
($2.75), Townsend Hotel, Casper, 
Wyoming. 
G. L. Ellis, pres. 
B. A. Tuller, 9-pres. 
Robert Davenport, secty-treas., 
Wyoming Seismograph Co., 
Box 631, Casper, Wyoming. 


SOCIETY ROUND TABLE 


W. M. Rust, Jr., Vice- 
Chairman 

C. B. Bazzon1 

RicHARD BREWER 

V. RoBert Kerr 

E. M. SHooxk 

DANIEL SILVERMAN 

Bart W. Sorce 


Magnetic Recording 
. D. SKELTON, Chairman 
EITH R. BEEMAN 
F. BEERS 
K. E. Bure 
. M. CUNNINGHAM 
. D. EIsLer 
FIetps 


R. A. PETERSON 
R. R. THompson 
E. B. TicKELL 

F. A. VAN MELLE 


Subcommittee on Definitions 
and Measurements 


L. W. Eratu, Chairman 
R. A. ARNETT 

FRANK B. COKER 

J. M. CUNNINGHAM 

J. J. Durarau 


LOCAL SECTIONS 


Coastal Bend Geop! Society 
(24), Corpus Christi, Texas, char- 
tered May 29, 1959, officers 
elected in May. 

Walter Pfennig, pres. 
J. W. Bolinger, 9-pres. 
Vetters, treas. 
B. C. Johnson, secty. Forest Oil 
Corp., Box 1356, Corpus 
Christi, Texas. 


Cochabamba Geophysical Society 
(23), Cochabamba, Bolivia, char- 
tered May 4, 1959, officers elected 
in December. 

Paul D. Balbin, pres. 

Roger Heggblom, o-pres. 

Frank Ellsworth,  secty-treas., 
Western Geophysical Co., Ca- 
1495, Cochabamba, Bo- 
ivia. 


Dallas Geophysical Society (4), 
Dallas, Texas, chartered August 
7, 1948, officers elected in Decem- 

. Meetings: Monthly, usually 
2nd Monday, 8:00 p.m., Fondren 
Science Bldg., Southern Method- 
ist University. 

H. F, Dunlap, prer. 

E, F. McMullin, 1st 0-pres. 

M. S. Hathaway, 2nd v-pres. 

W. B. Heroy, Jr., secty-treas., 
Geotechnical Corp., Box 28277, 
Dallas 28, Texas. 


F. J. FEAGIN 
H. R. FRANK 
Rocer HARLAN 
R. W. KELLEY 
L. B. McManis 
R. C. Moopy 


Subcommittee on Recorder 
Characteristics 


S. Kaurman, Chairman 
A. L, PARRACK 


Research 
Born, Chairman 


Joun C. HOLLisTER 
James F. JoHNSON 
THEODORE R. MADDEN 
T. J. O7DONNELL 

A. L. PARRACK 

FRANK PREsS 

R. R. THompson 

J. E. WHITE 

J. P. Woops 


M. M. Slotnick Memorial 
Ricuarp A. Geyer, Editor 


Denver Geophysical Society (8), 
Denver, Colorado, chartered May 
19, 1950, officers elected in May. 
Meetings: Monthly, 1st Monday, 
luncheon ($2.35), Petroleum 

J. E. Thompson, pres. 
Hollister, v-pres. 
. Travis, secty-treas., Tower 
“Exploration, Inc., 
St., Englewood, Colora- 
lo. 


Geophys ysical Society of Edmonton 
23), Edmonton, Alta., Canada, 
pwn March 20, 1959, officers 
elected in December. 
A. S. Gibson, pres. 
R, F. Keller, 9-pres. 
. D. Jacques, secty-treas., Mobil 
Oil of Canada, Ltd., Financial 
Blidg., Edmonton, Alta. 


Fort Worth sorte Society 
(5), Fort Worth, Texas, char- 
tered August 7, 1948, officers 
elected in May. Meetings: Month- 
ly, 4th Monday, noon luncheon 
($1.50), Texas Hotel. 

O. A. Strange, pres. 

P. C, Reed, v-pres. 

C. H. Thurber, treas. 

U. A. Rowe, secty. Champlin Oil 
& Refg. Co., Box 9365, Fort 
Worth, Texas. 
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G. B. Lover Ceci. H. GREEN 
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Four Corners Geophysical Society 
(20), Durango, Colo., and Farm- 
ington, N. M., chartered June 19, 
1958, officers elected in May. 
. P. Badami, pres. 
. E. Endacott, Jr., /st v-pres. 

J. F. Wright, 2nd v-pres. 

G. D. Sindorf, treas. 

L. E. Schneider, secty., Empire 
Geophysical, Inc., Box 1484, 
Durango, Colo. 


Geophysical Society of Houston 
3, Houston, Texas, charte 
ebruary 14, 1948, officers elected 

in May. Meetings: Monthly, noon 

luncheon. 

D. P. Carlton, pres. 

S. P. Worden, /st 9-pres. 

K. A. Webb, 2nd v-pres. 

S. M. Pena, treas. 

J. L. Bible, secty., 1045 Esperson 
Bldg., Houston 2, Texas. 


Jackson Geophysical Society (15), 
Jackson, Miss., chartered May 
12, 1955, officers elected in May. 
Meetings: Monthly, during 3rd 
week, 5:30 p.m., Robert E. Lee 
Hotel. 

R. C. Cole, pres. 

J. E. MacGregor, 9-pres. 

W. A. McGarry, secty-treas., Pan 
American Petroleum Corp., 
Box 689, Jackson, Miss, 


Montana Geophysical Society (14), 
Billings, Mont., chartered April 
12, 1954, officers elected in De- 
cember. Meetings: Monthly, 2nd 
Monday, 7:30 p™M., Billings 
Petroleum Club. 

R. E. Whitmore, pres. 

W. H. Dawson, /st 2-pres. 

N. L. Hull, 2nd v-pres. 

T. E. Young, secty-treas., Shell 
Oil Co., Box 2547, Billings, 
Mont. 


New Mexico Society 
(19), Roswell, N. M., chartered 
September 18, 1957, officers 
elected in May. 

E. J. Medley, pres. 

R. E, Lawson, /st v-pres. 

T. E. Daly, 2nd v-pres. 

H. C. Ives, secty-ireas., Atlantic 
Rete Co., Box 6640, Roswell, 


Geophysical Society of Oklahoma 
City (10), Okla. City, Okla., char- 
tered September 30, 1952, officers 
elected in May. Meetings: Month- 
ly, 2nd or 3rd Monday. 

A, J. Oden, pres. 

C. L. Howell, 1st 9-pres. 

H. J. Fenton, 2nd v-pres. 

W. S. Hart, treas. 

E. M. Peacock, secty., Sohio 
Petroleum Co., 1606 N. Broad- 
way, Oklahoma City, Okla. 


Pacific Coast Section, SEG (3), Los 
Angeles and Bakersfield, Calif., 
chartered April 12, 1948, officers 
elected in November. Meetings: 
Monthly, 2nd Thursday, noon 
luncheon ($2.00) Biltmore Hotel, 
Los Angeles. 

R. B. Moran, Jr., pres. 

W. P. Wilson, v-pres, N.D. 
. P. Gates, r-pres, S.D. 
. A. Webb, secty-treas., Rich- 
field Oil Corp., 5900 Cherry 
Ave., Long Beach, Calif. 
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Permian Basin Geophysical Soci- 
ety (7), Midland, Texas, Char- 
tered January 30, 1950, officers 
elected in December. Meetings: 
Monthly, 2nd Tuesday, 7:30 
P.M., Midland Women's Club. 
R. A. Baile, pres. 

J. E. Clark, 1st v-pres. 
. W. Rogers, 2nd v-pres. 
. E. Phipps, treas. 

D. M. Matson, secty., Midwest 
Oil Corp., 1500 Wilco Bldg., 
Midland, Texas. 


Regina Geophysical Society (22), 

egi Sask., Canada, Char- 

tered March 20, 1959, officers 
elected in December. 

A. C, Armstrong, pres. 

D. M. Sawtelle, v-pres. 

C. E. Dalik, secty-treas., Mobil 
Oil of Canada, Ltd., 1755 
Hamilton St., Regina, Sask., 
Canada. 


Geophysical Society of South Texas 
(12), San Antonio, Texas, char- 
tered November 9, 1953, officers 
elected in March. Meetings: 1st 
and 3rd Wednesdays, noon lun- 
cheon, Sommers Cafeteria. 

W. Harry Mayne, pres. 
W. E. Edmonson, »-pres. 
physical Engrg. Co., Draw- 
er 2061, San Antonio 6, Texas. 


Southeastern Geophysical Society 
(13), New Orleans, La., char- 
tered April 1, 1954, officers elected 
in January. Meetings: Monthly, 
3rd Monday, luncheon 

$1.50), St. Charles Hotel. 
rge Morgan, pres. 
J. T. McMaster, /st v-pres. 
D. R. Scheel, 2nd v-pres. 
O. J. Rauschenbach, secty-treas., 
Continental Oil Co., 414 Caron- 
— Bldg., New Orleans 12, 


Southwest Louisiana Geophysical 
Society (16), Lafayette, La., 
chartered January 4, 1956, offi- 
cers elected in December. 

Neal Clayton, pres. 
. A. Standridge, Ist v-pres. 
. J. Sieb, 2nd v-pres. 
. S. Peterson, treas. 
. H. Hammons, secty., Pan 
American Petroleum Corp., 
Box 1463 OCS, Lafayette, La. 


Geophysical Society of Tulsa (1), 
Tulsa, Oklahoma, chartered 
February 2, 1948, officers elected 
in May. Meetings: Monthly, 2nd 
Thursday, 7:00 p.M., meeting 
only, University of Tulsa, 224 
Petroleum Science Hall. 

T. S. Green, pres. 
. E. Hawkins, Ist v-pres. 
. H. Garrison, 2nd v-pres. 

R. B. Fisher, treas. 

B. L. Bass, secty., Texaco, Inc., 
Box 2420, Tulsa 2, Okla. 


Utah Society (17), 
Salt Lake City, Utah, chartered 
October 29, 1956, officers elected 
in September. 

R., J. Lacy, pres. 

L. D. Oster, /st v-pres. 

G. R. Harris, 2nd v-pres. 

J. B. Latimer, secty-treas., Shell 
Oil Co., 33 Richards St., Salt 
Lake City Utah. 
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Asociaci6n Venezolana de Geo- 
tisica Gp, Caracas, Venezuela, 
chartered Janu 5 
W. J. renee pres. 

Warner, Jst o-pres. 
C. W. Penney, 2nd 2-pres. 
treas. 

+ L. Gardufio, secty., Seis 

graph Service Corp. of Tone. 

zuela, Aptdo 1488, Caracas 

Venezuela. 


STUDENT SOCIETI 
AFFILIATED 


Colorado School of Mines 
Student 
Joseph R. Anzman, secty, D - 
ment of Geophysics, 
— of Mines, Golden, Colo- 


rado 
Meetings: Monthly, 2 
y, 2nd Monday, 


Geophysical Soci 
niversity ety of Saint Louis 


Norman J Guinzy, sect 

J. y. 410 
Vandalia, Collinsville, Iilinois 

Meetings: Monthly, 2nd Wednes- 
day 7:30 P.M., meeting only 
Institute of Technology ; 


SEG Houston Student Section 
Reed . Kubena, secty. 1816 
Lynnview, Houston 24, Texas 
Meetings: to be announced 


Toronto Geophysical 


D. W. Strangway, secty. 49 St 
George Street, Toronto 5, On. 
eelings: Bi-weekly, alternate 
Thursday, 4:00 P.m., 4 
George Street 


University of Tulsa Studen’ 
Society 
Fred D. Munzlinger, secty. De- 
partment of Geophysics, 600 
South College, Tulsa, Okla- 

eetings: Weekly, Thursday, 


Trans-Pecos Student Section 
Meetings: to be announced 


Pennsylvania State University G 
Physical Society 
Wm. R. England, secty. Coll f 
Mineral industries. University 
Park, Pa. 
Meetings: to be announced 


University of U 
clety. of Utah Geophysical So- 


James D. Morgan, secty. Colle; 
of Mines and Mineral Par 
tries, Salt Lake City 1, Utah 

Meetings: Monthly, 1st Thursday 

oon, Mines Building. Other 
special meetings to be an- 
nounced 


A & M College of Texas Student 
Geophysical Society 

Edward C. Hanson III, secty. 

Geology and geophysics de . 

A & M College of Texas, Col- 
lege Station, Texas 
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American Association for the Advancement of 
Science 


SEG is affiliated under Section E, Geology and 
Geography 
1515 Massachusetts Avenue 
Washington 5, D. C. 
Paul E. Klopsteg, President 
Paul A. Scherer, Treasurer 
Dael Wolfle, Executive Officer 


The American Association of Petroleum Geol- 
ogists 

A Cooperative relationship 

Box 979 

Tulsa 1, Oklahoma 
L. G. Weeks, President 
A. H. Bell, Vice-President 
H. T. Morley, Secretary-Treasurer 
G. E. Murray, Editor 
G. S. Buchanan, Past President 
R. H. Dott, Executive Director 


American Geological Institute 


SEG is a charter member society 
2101 Constitution Ave., N.W. 
Washington 25, D. C. 

Paul L. Lyons, President 

W. W. Rubey, Vice-President 

J. V. Howell, Past President 
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SOCIETY AFFILIATIONS 


Donald H. Dow, Secretary-Treasurer 
R. C. Stephenson, Executive Director 


European Association of Exploration Geo- 
physicists 
Mutually affiliated 
30, Carel Van Bylandtlaan 
The Hague, Netherlands 
J. M. Bruckshaw, President 
V. Baranov, Vice-President 
B. Baars, Secretary-Treasurer 
O. Koefoed, Editor 
L. Solaini, Past President 


National Research Council, Division of Earth 
Sciences 


SEG is a member society 
2101 Constitution Ave., N.W. 
Washington 25, D. C. 
John N. Adkins, Chairman 
Harry H. Hess, Past Chairman 
Edward B. Espenshade, Jr., Chairman-Desig- 
nale 
William R. Thurston, Executive Secretary 


Petroleum Exploration Society of Libya 


Mutually A filiated 
P. O. Box 900 
Tripoli, Libya 
Sam Frazier, President 
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MEMBERSHIP APPLICATIONS RECEIVED 


Applications for active membership have been received from the following candidates. This pub- 
lication does not constitute an election but places the names before the membership at large, in accord- 
ance with Bylaws, Article III, Section 4. References are listed in parentheses following the names of 
each candidate. If any member has information bearing on the qualifications of these candidates he 
should send it to the President within thirty days. 


APPLICATIONS FOR ACTIVE MEMBERSHIP 


Luigi (NMI) Baulino (C. W. Nicholls, N. P. Cramer & B. B. Strange) 
Edwin Ray Browne (A. Thompson, G. B. Matthews, C. B. Scott & G. E. Olson) 

Rajendram Seshadri Chellam (D. M. W. te Groen, M. B. Ramachandra Rao & H. Narin) 

Lester Knox Funderburk (L. Q. Winter, J. A. Lester, A. W. Musgrave & G. W. Ehlert) 

Richard Lewis Gorman (E. S. Driver, L. W. Gardner & F. T. Allen) 

Robert Gilbert Hamilton (P. L. Lyons, W. M. Erdahl) 

Charles James Linck (W. G. Keck, E. Stahl & R. Ross) 

Philip Noel Martin (B. Baum, G. D. Ferrell, A. M. House & R. W. Saubert) 

Edward Barrass Nicholls (S. H. Ward, D. J. Salt, J. P. Sheridan & J. B. Prendergast) 

Wallace R. Oates 

Dewey Elliott Payne (R. Keel, R. Bearnth, H. Wilson & B. Bleker) 

Harry Ash Pearce, Jr. (G. M. McGuckire, E. M. Peacock, & H. G. Hadler) 

John Geoffrey Drewe Pratt (D. T. Germain-Jones, A. B. Malone, H. D. G. Piggott & V. Fuchs) 


APPLICATION FOR TRANSFER TO ACTIVE MEMBERSHIP 


Robert H. Bratton (J. S. Page, E. Watts, G. Isensee & R. M. Nugent) 
Robert Donald Forester (C. A. Bengtson, S. C. Stonebaum & R. F. Simon) 

Francis Cavern French (J. V. Franklin, E. L. DeLoach, C. H. Hightower, O. C. Clifford, Jr.) 
John Russell Nock (J. Babb, L. Motiuk, G. Augustat & P. Fatherree, Jr.) 

Charles Richard Pelton (F. L. Searcy, R. E. Garten, J. W. Fetrow & H. A. Wakefield) 
Calvin Post 

George Richard Wulf (C. Kerns, J. W. Peters, F. R. Reeves & J. Hull) 


ANNOUNCEMENTS 
NEW SEG OFFICERS 


The new officers of SEG are as follows: T. O. Hall, President; Frank Searcy, First Vice-President; 
Dean Walling, Vice-President; Phil P. Gaby, Secretary-Treasurer; and Nelson C. Steenland, Editor. 
These are for the year 1959-1960, with the exception of the new Editor, who serves until 1961. 
The following District Representatives were elected: Bill C. Tucker, Ark-La-Tex Geophysical 
Society; Norman J. Christie and Dennis R. Mett, Canadian Society of Exploration Geophysicists; 
Dupree McGrady, Casper Geophysical Society; Charles C. Mason, Coastal Bend Geophysical 
Society; J. Roger Heggblom, Cochabamba Geophysical Society; William C. Woolley and J. Frank 
Rollins, Dallas Geophysical Society; Robert C. Kendall, Denver Geophysical Society; G. D. Garland, 
Geophysical Society of Edmonton; Paul H. Ledyard, Fort Worth Geophysical Society; Brooks S. 
Stewart and James M. Wilson, Geophysical Society of Houston; Clyde W. Kerns, Montana Geophysi- 
cal Society; Robert L. Tucker, New Mexico Geophysical Society; Robert H. Peacock, Geophysical 
Society of Oklahoma City; Forrest F. Lambrecht, Pacific Coast Section; B. F. Owings, Permian 
Basin Geophysical Society; R. D. Fetherstonhaugh, Regina Geophysical Society; W. Harry Mayne, 
Geophysical Society of South Texas; Aart de Jong, Southeastern Geophysical Society; Jack D. Wall- 
ner, Southwest Louisiana Geophysical Society; William M. Erdahl and James F. Johnson, Geophysi- 
cal Society of Tulsa; L. D. Oster, Utah Geophysical Society; and Dennis C. Meyer, Asociacién 
Venezolana de Geofisica. 
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Eugene W. Frowe and E. Glenn Albright were elected Representatives-at-Large. 
R. A. Weingartner, Chairman of the Tellers Committee, announced that the following tellers 
participated in the counting: 
Carl Baer J. G. Jackson C. D. Roemer 
R. W. Mossman Jack Noble Marvin Romberg 
R. D. Forester C. S. Moynihan Robert D. Sprague 
John V. Franklin Donald R. Oksa Robert J. Watson 
T. S. Green W. E. Pennington R. A. Weingartner 


29TH ANNUAL INTERNATIONAL MEETING 


The red carpet is out in Los Angeles to welcome SEG members, their wives and all others who 
will attend the 29th Annual International meeting there November 9th through 12th. A fine mixture 
of serious business with the theme of “Integrated Exploration,”’ and social events with special atten- 
tion to the ladies assures everyone that the time will be spent both profitably and enjoyably. 

The post convention tour to Hawaii will add an unforgetable experience for those who go. 

Registration for the meeting will start at the Biltmore Hotel at 10 a.m. Sunday November 8 
in the galleria and will continue through Wednesday. All events during the meeting will be at the 
Biltmore. 

Sunday from 6 to 8 p.m. a cocktail party will be given for the early arrivals in the Music Room 
and the Rendezvous Room. 

The kick-off luncheon will be in the Biltmore Bowl Monday November 9, followed by a general 
session from 2 to 5 and a cocktail party from 6 to 8, all in the Bowl. 

General sessions, with papers, will continue in the Bow] all day Tuesday and Wednesday, followed 
by the dinner dance ‘Hawaiian Holiday” Wednesday evening. 

On Thursday all day there will be a general joint session with the Regional AAPG-SEG-SEPM 
Meeting including presentation of papers, also in the Bowl. 

Exhibits will be installed in the Ball Room and Foyer and the Galleria Room and will be open 
Monday through Friday. 

The Research session will be held in the Renaissance Room from 2 to 5 p.m. on Monday Novem- 
ber 9 and all day Tuesday. 

On Wednesday all day and Thursday morning the Mining session will take place in the Renais- 
sance Room with the Mining luncheon in the same room on Wednesday. 

The “Early Bird” breakfast will be held in the Rendezvous Room at 7 a.m. Tuesday November 10. 

Thursday from 2 to 5 p.m. the Renaissance room will have a session on Variation of Magnetic 
and Electrical Fields. 

On Thursday November 12 there will be a ladies program in Conference Room 4 from 10 to 
11:30 a.m. 

A news room for the assistance of the Press will be open from Friday November 6 to the end 
of the convention. 

Convention Headquarters and ladies hospitality facilities will be in the Galleria Room. 

The Post Convention Tour to Hawaii will start from Los Angeles International Airport at 9 a.m. 
on Friday November 13. This provides a unique 9 day planned tour to our colorful new state. 
Special information on this tour has been mailed direct to all SEG members. 


COMPETITION AND AWARD ANNOUNCED FOR BEST ORAL 
PRESENTATION OF PAPERS 


Implementing a resolution of the 1957-58 Executive Committee, the Honors and Awards Com- 
mittee has worked out plans for an annual competition and award for the best oral presentation of a 
paper at each National Meeting of the Society of Exploration Geophysicists beginning with the 
National Meeting in Los Angeles in November 1959. 
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In launching this program it is felt that not only will a gap be filled in the recognition of out- 
standing speakers, similar to the recognition by the Best Paper Award of outstanding published pa- 
pers, but that the attention of our speakers and our audiences will be directed toward more effective 
and meaningful oral presentation of papers than we have heretofore enjoyed. 

Our meetings, both National and Regional (or Local), have always represented one of the chief 
services the Society offers its members. Much painstaking and time-consuming work is lavished on 
such meetings by the chairmen and their corps of volunteer workers. The papers presented describe 
the cream of the up-to-the-minute research, collection of data and organization of results and conclu- 
sions in our complex and rapidly advancing art. Presenting a paper and attending a meeting should 
be a highlight in the experience of every member. 

Unfortunately we have all had the experience of suffering with many a speaker through a poorly 
presented paper which from its title, abstract or even its full content should have been a rich, reward- 
ing experience for both speaker and audience. Some of us, as authors, have suffered even more poig- 
nantly as we felt ourselves failing to put over our point after spending months or years on the research 
and weeks or months on the preparation of our paper. 

It is hoped this competition and award will direct the attention of speakers primarily, and audi- 
ences secondarily, to the importance of good oral presentations and that the award and the attendant 
public recognition will provide an incentive to the preparation of papers for the most effective oral 
presentation. 

Moreover, drawing attention to this problem and providing an incentive to speakers is clearly 
not sufficient. Few authors with a message are natural-born speakers. Even those with a flair for oral 
presentation and the self-taught who have laboriously attained an acceptable proficiency may bene- 
fit from the experiences of other speakers which, over the years have been reduced to easily formu- 
lated rules—though diligence and discipline may be necessary to apply these rules. 

Accordingly your Executive Committee has launched with this contest a program designed to be 
helpful to authors preparing to present their papers orally. The first step in this program was the 
inclusion in the December, 1958 issue of GEopuysics (Vol. XXIV, No. 5) of a paper by Lawrence Y. 
Faust entitled ‘““The Preparation of a Paper.” This paper emphasizes that there is no slip-shod short- 
cut to the preparation of a paper (and of an author) for good oral presentation. It reaches right to 
the heart of the problem and is full of practical rules and suggestions. ‘Speakers in Preparation” are 
urged to take advantage of this paper and the discussion which follows it, as well as the discussions on 
pages 636-639 of July, 1959 Gropuysics. 

For the time being this award shall be called the “SEG Best Presentation Award” and it is 
contemplated that a perpetual plaque for public display will be provided upon which the names 
of the winners will be inscribed annually. Full publicity will be given to the award and its winner as 
soon as the judging is completed and recognition and a suitable individual “trophy” will be awarded 
the winner at the subsequent National Meeting. 

Your Honors & Awards Committee hopes the Society members respond warmly to this competi- 
tion and award. Thoughtful suggestions to enhance the value of the program will be welcome. 


Curtis H. Johnson 
Chairman: SEG Honors 
and Awards Committee 


SLOTNICK MEMORIAL NOW AVAILABLE 


The much awaited text and problem book, ‘“‘Lessons in Seismic Computing,” by M. M. Slotnick, 
edited by R. A. Geyer, is off the press and now available for distribution. Copies of this memorial 
publication may be obtained from SEG, Box 1536, Tulsa 1, Oklahoma. 

Further details concerning this recent publication by SEG may be found on page 17 in the 
advertisement section of this issue. 
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FORMER EDITOR RECEIVES UNIVERSITY PROFESSORSHIP 


Dr. Norman H. Ricker has been appointed Professor 
of Physics at the University of Oklahoma at Norman. He 
assumed the duties of his new post on September 1. 

Dr. Ricker took early retirement from Jersey Produc- 
tion Research Center on January 1, 1959. He has been 
Senior Research Physicist with the Jersey organization 
since 1938, 

Throughout his career, Dr. Ricker has been an aca- 
demician at heart, and has long desired to return to an aca- 
demic atmosphere where he could continue his theoretical 
research in wave mechanics and his celebrated wavelet 
theory which has made his name legend among theoretical 
seismologists. 

At his new post, Dr. Ricker will teach one course at the 
graduate level on wave mechanics, and devote the re- 
mainder of his time to theoretical researches in wave phe- 
nomena and directing graduate students doing their re- 

Dr. Norman H. RickER search projects in this field. 
On his retirement from Jersey Production Research 
Laboratory in Tulsa, Dr. Ricker was presented with the second award of an Honorary Life Member- 
ship by the Geophysical Society of Tulsa. He had served this organization as President in 1953-1954, 
and District Representative 1954-1955. 

Prior to his connection with the Jersey organization in 1938, he had served on the research staffs 
of Western Electric Company (now the Bell Telephone Laboratories in New York), Hughes Tool 
Company and the Humble Oil and Refining Company, Houston. He organized the geophysical de- 
partment of the latter company in 1923. 

Dr. Ricker has published 14 technical papers, seven of which have appeared in GEopuysics. 
He is also noted for his invention of the cone type loud speaker while with Western Electric and the 
plunger lift pump while with Hughes Tool Company. 

Dr. Ricker served as Editor of Gkopuysics in 1955-1957, and as Associate Editor, 1954-1955. 
He has served on the Honors and Awards committee for SEG and was the Society’s Distinguished 
Lecturer in 1953-1954. 

He received his B.A. with Honors in Physics in 1916, M.A. in 1917, and his Ph.D. in Physics in 
1920, all from The Rice Institute. He is a member of American Physical Society, Acoustical Society 
of America, American Mathematical Society, American Association for the Advancement of Science, 
American Geophysical Union, Seismological Society of America, Sigma Xi and Society of Exploration 
Geophysicists. 

He is currently a member of one of the technical advisory committees for the Armed Services, 
and also served with the Office of Scientific Research and Development during World War II. 


OKLAHOMA CITY SECTION SPONSORS SYMPOSIA 

The Geophysical Society of Oklahoma City sponsored a symposium February 19, 1957, on Seismic 
Dip Migration and another symposium March 3, 1959, on Continuous Velocity Logging. The material 
and illustrations presented at these symposia were edited and published in the Shale Shaker magazine 
for September 1957 and May 1959, respectively. The papers presented are listed below by title and 
author: 

SEISMOGRAPH DIP MIGRATION 
Shale Shaker for September 1957 

The Need for Seismic Dip Migration W. B. Robinson 
Constant Velocity Case............ 
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The McGuckin Section Plotter Glenn M. McGuckin 
The Application of a Linear Increase of Velocity with Depth to Seismic Dip 

Migration 
Chart Migrations....... Frank A. Roberts 
An Electronic Seismic Dip Plotter... .. J. A. Westphal 
Machine Calculation of Migration Data......... .. E, Usdin 
The S. D. P. Dip Plotter ...... W.S. Hawes 
Slide Rule Seismic Computations. ........ R. H. Mansfield 
Three-Dimensional Control.......... G. E. Anderson 
Projected Sections for Areas of Steep Dip... . . ... Harry J. Fenton 
A Comparison of the Various Methods of Dip Migration..... . .... Bruce Mayo 


CONTINUOUS VELOCITY LOGGING 
Shale Shaker for May 1959 


Continuous Velocity Logging Method........ er . Howard R. Breck 
Presentation of a Velocity Mis-Tie W. B. Robinson 
Areas where Mis-Tie Occurs Between Two-Receiver Velocity _ Data and 

Check Shot Data. Robert P. Nolting 
Possible Causes of Velocity Mis-Ties R. A. Broding 
Limits of Accuracy of Present Sonic Logging Equipment. 
Adjustment of Velocity Logs to Tie Geophone Surveys........ Warren Hicks 

The Shale Shaker magazine is a monthly publication sponsored by the Oklahoma City Geological 

Society, P. O. Box 609, Oklahoma City, Oklahoma. 


DIRECTORY OF ENGINEERING SOCIETIES 


The Engineering Societies Directory, 1959 edition is now available from Engineers Joint Coun- 
cil. This Directory is the only comprehensive United States listing of engineering and scientific 
societies, their functional staff personnel and publications. 

Societies and organizations are listed in the Directory as well as national and international 
organizations and all state registration boards for professional licensing. A nearly complete listing of 
Canadian engineering organizations is also included. 

Copies of this publication may be obtained from Engineers Joint Council, 29 West 39th Street, 
New York 18, New York, at $3.50 per copy. 


13TH ANNUAL MIDWESTERN EXPLORATION MEETING 


The Ark-La-Tex Geophysical Society, Shreveport, will be host for the 13th Annual Midwestern 
Exploration Meeting to be held at the Captain Shreve and Washington Youree Hotels in Shreveport 
April 3-5, 1960. Other midwestern local sections of SEG who will participate include Dallas Geophysi- 
cal Society, Fort Worth Geophysical Society, Geophysical Society of Oklahoma City, Permian Basin 
Geophysical Society and Geophysical Society of Tulsa. 

General Chairman of the meeting is Mr. S. R. Marsh, The Carter Oil Company, P. O. Drawer 
1739, Shreveport, Louisiana. The Program Chairman is Mr. Jackson L. Young, Union Producing 
Company, P. O. Box 1407, Shreveport, Louisiana. Arrangements Chairman is Mr. S. T. Spradlin, 
Ohio Oil Company, P. O. Box 1129, Shreveport, Louisiana. Finance Chairman is Mr. Claude N. 
Valerius, Consultant, 637 Ricou-Brewster Building, Shreveport, Louisiana. 

Members who have papers they would like to present at this meeting are asked to submit titles 
and abstracts to the Program Chairman, Mr. Jackson L. Young. 
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SOCIETY ROUND TABLE 


CoasTAL BEND GEOPHYSICAL SOCIETY OFFICERS 


The officers of the Coastal Bend Geophysical Society are, from left to right, Walter Pfennig, 
President; John Bolinger, Vice-President; Billy C. Johnson, Secretary; and James Vetters, Treasurer. 
The Coastal Bend Section meets on the second Tuesday of each month in the Nueces Hotel, Corpus 
Christi, Texas. 


PERSONAL ITEMS 


Three staff changes in exploration and production area organizations have been announced by 
Shell Oil Company. O. L. OpaALE, production manager for Shell’s Denver area, has been named 
production manager for the Pacific Coast area. He succeeds W. F. Bates who has been placed on 
special assignment on the staff of the vice president for this area. J. W. INKSTER, exploration mana- 
ger in Tulsa, will move to Houston in the same capacity. He replaces M. S. Metz who will be on 
special assignment with Shell’s head office exploration organization. R. L. Trott, executive assistant 
to the vice president, Tulsa area, will assume a similar position in the Houston area. 

Kaman Isaacs, Robert Blesch and Allen Pressman of Aero Service Corporation, Philadelphia, 
have departed for Paramaribo, Surinam (Dutch Guiana) where they will complete a photogeologic 
evaluation of the nation. This study is being done in preparation for an extensive airborne geophysical 
survey of Surinam. 

Appointment of Joun B. Farr as district geophysicist for Pan American Petroleum Corpora- 
tion’s Houston District has been announced by Mr. J. C. JouHNsTON, division exploration superintend- 
ent. 

The appointment of two vice-presidents and two managers has been announced by R. C. Dun- 
LAP, JR., president of Geophysical Service Inc. 

N. W. Mann has been named vice-president in charge of U. S. and Canadian operations, the 
position held by Dunlap prior to his recent appointment to president. Mann was formerly manager of 
Western U. S. operations. 

G. J. Kouter, Jr., who has been manager of GSI operations in Latin America since September, 
1957, has been elected vice-president in charge of that area. 

Ray H. Wricut, who has been serving as manager of GSI’s Canadian operations, will move to 
Dallas to take over the position vacated by Mann. Wright, in turn, will be succeeded in Canada by 
Dan F. Brennan. 

The election of D. D. Mize to the Board of Directors of Mandrel Industries, Inc., was announced 
by George Quist, President, following the annual meeting of stockholders. Mize, a Vice President of 
the Corporation, is General Manager of Mandrel’s Houston operations consisting of the Electro- 
Technical Labs Division, manufacturers of seismic exploration equipment and the Electric Sorting 
Machine Division, manufacturers of photoelectric color sorting equipment. Both divisions are 
located at 5134 Glenmont Drive, Houston, Texas. 
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Republic Natural Gas Company announces the addition of Mr. A. L. LineHAN to the geophysical 
staff. 

J. F. FreeEt, President of Research Explorations, Inc., 5134 Westheimer, Houston, Texas, has 
announced the opening of headquarters offices for Research Explorations (Alaska), Inc. in Anchor- 
age. Freel named Ernest A. Pratt, former Geophysical Sales Manager for Southwestern Industrial 
Electronics Company, Houston, as General Manager. 

M. R. Hewrrt, district geophysicist with Pan American Petroleum Corporation, has been trans- 
ferred from Edmonton, Canada to Midland, Texas, according to Wm. J. Nolte of Fort Worth, North 
Texas-New Mexico division exploration superintendent. Mr. Hewitt will direct the firm’s geophysical ; 
program in the southern Permian Basin area. He succeeds J. L. Mataya, who has moved to Calgary, 
Canada. 

Leo C. FARMER and Byron W. Dickie have been elevated to positions of Treasurer and Secre- 
tary respectively of National Geophysical Company, Inc., Dallas, it was announced by the firm’s 
president A. GILLIN. 

Formation of a new manufacturing division, Seiscor Manufacturing Company, was announced 
January 13 by G. H. WestBy, president of Seismograph Service Corp. Westby said Dr. J. E. Haw- 
KINS, SSC vice president, will assume additional duties as vice president and manager of the new 
division. Hawkins said that Seiscor Manufacturing Co. has been set up to provide engineering and 
production facilities and precision equipment to the oil and other industries. “Seiscor will also 
handle the research, development and manufacturing needs of SSC,” Hawkins said. 

Formation of the Geophysical Exploration Company, with offices in Houston and Lafayette, La., 
has been announced by the firm’s founders, R. R. Moore and RoBert Norman. Company head- 
quarters are at 3230 Mercer Street in Houston. 

Dr. SyLvatn J. Prrson, University of Texas petroleum engineering professor and authority on 
reservoir engineering, has completed a survey of a newly-discovered French oil field in the Paris 
Cretaceous basin. 

Ricuarp A. Geyer has been named manager of the Gravity Department of Geophysical Service 
Inc., GSI President, R. C. Duntap, JR., announced. Since 1954, Dr. Geyer has been chief geophysicist 
for the Gravity Department, which has its headquarters in Houston, Texas. He succeeds F. E. 
RomBERG, who was recently appointed chief geoscientist for the newly-formed GeoSciences and 
Instrumentation Division of GSI’s parent company, Texas Instruments Incorporated. 

Contribution of a five-year subscription to GEopuysics to the University of Karachi, Pakistan, 
has been announced by J. EARLE Gray, Manager of Foreign Operations, Tidewater Oil Co., Los 
Angeles. 

J. C. Sproute has been elected President of the Canadian Institute of Mining and Metallurgy, 7 

G. F. KaurMann has retired as geophysicist-geologist for Standard-Vacuum Oil Co. His address 
is now: Dogwood Drive, R.D. 1, Box 312, Yorktown Heights, New York. 

Dreco HEeNnAo-LonpoNo recently resigned as geophysical supervisor for Petrobras. He is now 
manager of Pan American Land & Oil Royalty Co., Aptdo. Aereo 12002, Bogota, Colombia. ‘ 

HERBERT M. Dawson is no longer associated with Petty Geophysical Engineering Co. His 
mailing address is Route 13, Box 581, San Antonio, Texas. 

MANDREL InpustTRIES, Inc. has entered into an agreement to purchase all of the outstanding 
common stock of the Well Instrument Developing Company of Houston, Texas, it was announced 
by George Quist, President of Mandrel Industries, Inc. : 

WIDCO develops, manufactures and sells well logging equipment and instrumentation. Its 
facilities and personnel will be integrated with Mandrel’s Electro-Technical Labs Division, located 
in Houston, Texas, under the management of D. D. Mize, Mandrel Vice President. 
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CALENDAR OF MEETINGS 


1959 
November 
2- 4 GSA Annual Meeting, Pittsburgh. Pa. 
9-12 Society of Exploration Geophysicists, 29th Annual International Meeting, Biltmore Hotel, 
Los Angeles (Flint H. Agee, General Chairman, United Geophysical Corporation, 1200 
South Marengo Avenue, Pasadena 15, California) 
12-13 AAPG-SEG-SEPM Pacific Coast Joint Regional Meeting, Biltmore Hotel, Los Angeles. 
11-13 Gulf Coast Association of Geological Societies, Houston, Texas. 


1960 


February 
14-18 AIME Annual Meeting, Hotel Statler and Hotel McAlpin, New York City. 


April 
3— 5 SEG 13th Annual Midwestern Exploration Meeting, Captain Shreve and Washington- 
Youree Hotels, Shreveport, La. (S. R. Marsh, The Carter Oil Co., Drawer 1739, Shreve- 
port, La.) 
25-28 American Association of Petroleum Geologists—Society of Economic Paleontologists and 
Mineralogists, Annual Meeting, Atlantic City, New Jersey 


October 
2- 5 Society of Petroleum Engineers of AIME, Fall Meeting, Denver, Colorado. 
19-21 Gulf Coast Association of Geological Societies, Biloxi, Mississippi. 


November 
7-10 Society of Exploration Geophysicists, 30th Annual International Meeting, Moody Con- 
vention Center, Galveston (Walter B. Lee, Jr., General Chairman, Gulf Oil Corporation, 
Drawer 2100, Houston 1, Texas) 


1961 


November 
5- 9 Society of Exploration Geophysicists, 31st Annual International Meeting, Denver (Ralph 
C. Holmer, General Chairman, Bear Creek Mining Co., 516, Acoma, Denver 4, Colorado) 


10-12 GSA Annual Meeting, Denver, Colorado. 
1962 


September 
17-20 Society of Exploration Geophysicists, 32nd Annual] International Meeting, Calgary, 
Alberta 
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PROFESSIONAL DIRECTORY 


ARIZONA 


ARIZONA 


HEINRICHS GEOEXPLORATION CO. 
Mining Oil & Water Consultants & Contractors 
Geophysics Geology & Geochemistry 
Examination-Interpretation-Evaluation 
MOBILE MAGNETOMETER SURVEYS 
Walter E. Heinrichs, Jr. 

P.O. Box 5671 Tucson, Ariz. Phone: MAin 2-4202 


CALIFORNIA 


JOSHUA L. SOSKE 
Geologist and Geophysicist 
Dept. of Geophysics 
SCHOOL OF MINERAL SCIENCES 


Stanford University 
STANFORD, CALIFORNIA 


H. WAYNE HOYLMAN 
Consultant 


Petroleum and Mining Exploration 


816 W. Sth St. 
Los Angeles 17, Calif. 


Aerogeophysics Company 
MAdison 8-6428 


CALIFORNIA 


ELLIOTT SWEET 
Gravity Meter Surveys 
Gravity and Seismic Interpretation 
SWEET GEOPHYSICAL CO. 


21544 Rambla Vista Drive 
MALIBU, CALIFORNIA 


L. F. IVANHOE 
Consulting Geologist and Geophysicist 
Domestic and Foreign Exploration 


Phone: FA 50283 2810 Elmwood Avenue 
CABLE: IVANHOE BAKERSFIELD, CALIFORNIA 


Geo, SHUMWAY 


GEOLOGICAL DIVING 
CONSULTANTS, INC. 


Underwater studies of bedrock 
and sediments 


P.O. Box 6571 San Diego 6, California 


CURTIS H. JOHNSON 
Geophysical Consultant 


Domestic & Foreign 
816 WEST 5TH STREET, LOS ANGELES 17, CALIFORNIA 
Phone: MAdison 6-0020 


COLORADO 


Milt Collum Wes Morgan 
PETROLEUM GEOPHYSICAL 
COMPANY 


Contract Seismograph Crews 
Seismic Review and Interpretations 
Rocky Mountain Area 
KEystone 4-0253 


2011 Glenarm Denver 5, Colorado 


WILLIAM CROWE KELLOGG 
Geological Engineer 
Kellogg Exploration Company 
Geologists — Geophysicists 
Electrical — Magnetic — Gravity — Radioactivity 
Air-Ground Surveys _ Interpretation 
3301 NORTH MARENGO ALTADENA, CALIFORNIA 


LOUISIANA 


HENRY SALVATORI 
Western Geophysical Company 
of America 
1116 Pacific Mutual Bldg. 


523 W. 6th Street 
LOS ANGELES 14, CALIFORNIA 


CARL L. BRYAN 
Consulting Geophysicist-Geologist 


726 Johnson Bldg. Telephone 
SHREVEPORT, LA. 5-1924 


MISSISSIPPI 


EWIN D. GABY 
Delta Exploration Company 
Jackson Mississippi 
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OKLAHOMA 


MISSOURI 
Research and 


Contractor and 
Developments 


Consultant 
EROY HARON 

V. L. JONES 

Mining and Engineering Geophysics TERRAMETRIC EXPLORATION COMPANY 
GEOPHYSICAL AND GEOLOGICAL SERVICES 
Kirkwood 22 Phone 

St. Louis, Missouri YOrktown 6-4245 


NEW YORK 


TOM D. MAYES 
ROLAND F. BEERS Mayes-Bevan Co. 
Gravity Meter Surveys 


ROLAND F. BEERS, INC. 

Petroleum and Minerals Exploration Consultants * 

round and Airborne Surveys 
TULSA, OKLAHOMA 


G 
Data Reduction and Analysis 
Troy, New York 


P.O. Box 1019 
AShley 2-6478; 2-2351 


OKLAHOMA E. V. McCOLLUM 
Geophysicist 


E. V. McCollum & Co. 
Namco, International 


THOMAS J. BEVAN 
Geophysicist 515 Thompson Building 
TULSA, OKLAHOMA 


Geo Seis, Inc. 


914 American Airlines Bldg. Phone CHerry 2-7508 
TULSA 3, OKLAHOMA 


GLENN M. McGUCKIN 


Seismograph Consultant 
Current Supervision 


ARNOLD H. BLEYBERG 
Data Interpretation 
Petroleum Exploration Consultant SALES: McGUCKIN (Patented) SEISMOGRAPH 
Domestic & Foreign Services SECTION PLOTTER (DIP cspueeatnaaed 
23 Years Experience: 
MID-AMERICA BANK BLDG. Supervising, Contracting, Consulting 
OKLAHOMA CITY 2, OKLA. PH.: CENTRAL 2-0913 Phone seen ae 1304 Ann Arbor 


RICHARD A. POHLY 
Gravity Surveys and Re-interpretation 


POHLY EXPLORATION COMPANY 
Riverside 2-2009 


Century Geophysical Corp. 
Tulsa, Oklahoma Phone 5-7111 1135 E. 38th St. 
TULSA 5, OKLAHOMA 


OPIE DIMMICK 


a BEN F. RUMMERFIELD 
Oil Exploration Consultant Geologist and Geophysicist 
Geologist Geophysicist 

CENTURY GEOPHYSICAL CORPORATION 
608 First National Bldg. Telephone FOrest 5-5255 503 Jenkins Building 1105 7th Ave., W. 
OKLAHOMA CITY 2, OKLAHOMA Tulsa 3, Oklahoma Calgary, Alberta 


CRAIG FERRIS JOHN J. RUPNIK 
- V. McCollum & Co. , eoseis, Inc. GEOPHYSICAL & GEOLOGICAL COORDINATION 
Namco, International J. Je RUPNIK AND COMPANY 
515 Thompson Bldg. 501 MIDSTATES BLDG., Telephone LU 4-6355 

TULSA 3, OKLAHOMA 


TULSA 3, OKLA. 


Please mention GropHysics when answering advertisers 
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OKLAHOMA 


TEXAS 


HUGH M. THRALLS 


Consulting Geophysicist 


Box 9577 Glbson 7-3921 
TULSA, OKLAHOMA 


-TEXAS 


R. H. DANA 
Dana Explorations, Inc. 


1301 W. T. Waggoner Bldg. 
Fort Worth, Texas 


JOHN F. ANDERSON 
ANDERSON & COOKE 
Oil Exploration Consultants 


Geological Consulting 
Seismic Surveys & Interpretations 
665 San Jacinto Bldg. Houston 2, Texas 


PAUL FARREN 
Geophysical Consultant 


Specializing in Seismic Interpretation, 
Review, and Supervision 


1528 Bank of the Southwest 


Houston 2, TEXas FA 3-1356 


WALTER D. BAIRD 
Consulting Geophysicist 


NEIL P. ANDERSON BUILDING 
PHONE EDIson 6-8400 FORT WORTH 2, TEXAS 


L. F. FISCHER 
Exploration Consultant 


Geophysicist 
Geologist 


624 First City Bank Bldg. 


Houston 2, Texas 


KEITH R. BEEMAN 
Electronic Consultant 
Seismograph and Allied Equipment 


P.O. Box 13058 
Houston, Texas 


J. F. FREEL 
RESEARCH EXPLORATIONS, INC. 


5134 Westheimer Road 
Houston, Texas 


JOHN L. BIBLE 
Gravity-Magnetic-Surveys-Interpretations 


Bible Geophysical Co., Inc. 
1045 Esperson Bidg. Houston 2, Texas 


JOHN A. GILLIN 
National Geophysical Company 


8800 Lemmon Avenue 
Dallas 9, Texas 


HART BROWN 
Brown Geophysical Company 


Gravity-Meter-Surveys 
Interpretations 


5300 Brownway Rd. Houston 19, Texas 


T. I. HARKINS 


Independent Exploration Company 


1973 West Gray 
P.O. Box 13237 
Houston 19, Texas 


R. A. CRAIN 


Texas Seismograph Company 


1502 Eighth St. 
WICHITA FALLS, TEXAS 


J. G. HARRELL 


Mid-Continent Geophysical Co. 
Contract Seismograph Crews 
Seismic-Reinterpretations 


2509 West Berry Fort Worth, Texas 
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TEXAS 


TEXAS 


J. O. HOARD 


HOARD EXPLORATION 
COMPANY 


Esperson Building Houston, Texas 


C. T. MacALLISTER 
Geophysical Consultant 
Seismic Interpretations and Field Supervision 


6327 Vanderbilt, 
Houston 5, Texas 


Telephone: 
MA 3-4181 


W. B. HOGG 
Geophysical Consultant 


619 Fidelity Union Life Bldg. 
DALLAS 1, TEXAS 


JOHN S. IVY 
Niels Esperson Building 


HOUSTON, TEXAS 


HAYDON W. McDONNOLD 
Geologist & Geophysicist 
Keystone Exploration Company 


2813 Westheimer Road 
HOUSTON, TEXAS 


A. E. “SANDY” McKAY 
Geologist and Geophysicist 
Continental Geophysical Company 
Namco International, Inc. 


FORT WORTH, TEXAS 
1409 Continental Life Bldg., Phone EDison 2-9231 


J. C. KARCHER 
Geophysicist 


Adolphus Tower 
DALLAS, TEXAS 


GEORGE D. MITCHELL, JR. 
Geologist and Geophysicist 


911 Mercantile Securities Bldg. Dallas, Texas 


MARTIN C. KELSEY 
Rayflex Exploration Company 


6923 Snider Plaza Dallas 5, Texas 


P. E. NARVARTE 
Consulting Geophysicist 
Seismic Interpretations 

Current Supervision and Review 


Frost National Bank Building 
San Antonio, Texas 


H. KLAUS 
Geologist and Geophysicist 
Klaus Exploration Company 


Gravimetric and Magnetic Surveys 
and Interpretations 


P.O. Box 1617 Lubbock, Texas 


PAUL H. LEDYARD 
Mid-Continent Geophysical Co. 
Contract Seismograph Crews 


Seismic-Reinterpretations 
2509 West Berry Fort Worth, Texas 


L. L. NETTLETON 


Gravity Meter Exploration Co. 
Interpretation of Gravity Surveys 
Interpretation of Aeromagnetic Surveys 


3621 W. Alabama 
HOUSTON 27, TEXAS 


W. W. (IKE) NEWTON 
Geophysicist 
823 Corrigan Tower 
DALLAS, TEXAS 
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TEXAS 


TEXAS 


J. O. PARR, JR. 
Consulting Geophysicist 
Methods & Instrumentation 


RAYMOND L. SARGENT 
Magnetometer Surveys 


Interpretations 
Seismic & Radiometric Surveys M & M Bldg. 
202 Janis Rae San Antonio, Tex. HOUSTON 2, TEXAS 
C. W. PAYNE SIDNEY SCHAFER AND COMPANY 
Geophysicists and Geologists 
EXPLORATION CONSULTANTS 
Geology—Geophysies Domestic and Foreign 
812 Continental Life Bldg. Sidney Schafer 2200 Welch Avenue 
FORT WORTH TEXAS Jack C. Weyand Houston 19, Texas 
H. B. PEACOCK HUBERT L. SCHIFLETT 


Consulting Geophysicist 


9746 Audubon Place 
DALLAS 20, TEXAS 


J. C. POLLARD 
GEOPHYSICAL ENGINEERING 


SEISMIC . . . GRAVITY . . . MAGNETIC 
SURVEYS 


2500 Bolsover Rd., P.O. Box 6557, Houston 5, Tex. 


States Exploration Company 
Seismic, Gravity and Magnetic Surveys 


5313 Richmond Road Highway 75 North 
HOUSTON, TEXAS SHERMAN, TEXAS 


H. B. SMYRL 
Portable Seismograph, Inc. 


706 Frost National Bank Bldg. 
San Antonio 5, Texas 


ROBERT H. RAY 


GEOPHYSICAL ENGINEERING 
SEISMIC . . . GRAVITY . . . MAGNETIC 
SURVEYS 


2500 Bolsover Rd., P.O. Box 6557, Houston 5, Tex. 


SAM D. ROGERS 
Rogers Geophysical Company 
Rogers Explorations, Sociedad Anonima 
3616 West Alabama Houston 6, Texas 


NELSON C. STEENLAND 
Gravity Meter Exploration Company 
Geophysicist 


3621 W. Alabama Houston 27, Texas 


R. C. SWEET 
Geophysicist 


1111 Bering Dr. Houston, Texas 


C. WHITNEY SANDERS 
Consulting 
Petroleum Geologist-Geophysicist 


U. S. and European Exploration 
1132 Bank of the Southwest Building 
HOUSTON 2, TEXAS 


F. RITCHIE WALLACE 
Geophysical Consultant 


8511 Timberside Dr. 
Houston 25, Texas MOhawk 5-5542 
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TEXAS 


CANADA 


Seismic Reviews Field Supervision 
KIRBY J. WARREN 
Geophysical Consultant 


909 Continental Life Building 
Fort Worth, Texas ED 2-9073 


E. DARRELL WILLIAMS 
Geophysicist 


Specializing in Radiometric Exploration for Oil 
3114 PRESCOTT ST., HOUSTON 25, TEXAS 
PHONE MA 3-3991 


JOHN H. WILSON 
Exploration Consultant 


1201 Sinclair Bldg. 
FORT WORTH, TEXAS 


CHARLES C. ZIMMERMAN 
Geologist & Geophysicist 
Keystone Exploration Company 


2813 Westheimer Road 
HOUSTON, TEXAS 


WYOMING 


Exploration Geology 
Evaluations 


Seismic Reviews 

Seismic Supervision 
JOHN F. PARTRIDGE, JR. 

Consulting Geologist—Geophysicist 


P.O. Box 258 Room 211 O-S Building 
Phones 2-6485 and 2-3328 CASPER, WYOMING 


CANADA 


R. E. DAVIS 
Farney Exploration Company, Ltd. 


830-8th Avenue West 
CALGARY, Alberta, Canada 


THEODORE KOULOMZINE 
Geologist & Geophysicist 
Koulomzine & Brossard Ltd. 

P.O. Box 880, VAL D’OR Que. Canada. 
Rm 905, 80 Richmond St. W. Toronto, Ont. Can. 
Rm 1014, 132 St. James St. W. Montreal, Que. Can. 


LUNDBERG EXPLORATIONS 
LIMITED 


Consulting Geologists and 
Geophysicists 
Airborne, Magnetic, Electromagnetic 
and Radiometric Surveys 


96 Eglinton Avenue E. 
Toronto 12, Canada 


D. BRUCE McDOUGALL 


Geophysicist 


201 Or ExcHANGE BLpG. CaLcary, CANADA 


GEORGE W. SANDER 
Consulting Geophysicist 


174 Douglas Ave. N., 
Oakville, Ontario 


Phone 
Victor 4-6345 


DR. W. F. STACKLER, P.ENG. 
Consulting Geophysicist 
Phone CHery 4-7303 


1937 25th Avenue S.W. 
CALGARY, ALBERTA 


VENEZUELA 


JOHN O. GALLOWAY 
Petroleum Consultant 


805 Eighth Avenue South West 


AMherst 2-9018 CALGARY, ALBERTA 


CARLYLE G. SCHAUBLE 
Consulting Geophysicist 
Consultoria Venezolana 
de 
Geofisica y Geologia 
Apartado 4777 Caracas 
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OMY PHOTOGRAPHIC DARKROOM 


Kodak 
Bin. « 200 ft. 480 


1/58 12473-30968 ov 


Get clean 


a® 


LINAGRAPH 
PAPE 


6 in. x 200 ft. 
1/88 12039-35805 1 


records everywhere, every time 


... with Kodak Linagraph 480 Paper 


Made expressly for seismograph recording, Kodak 
Linagraph 480 Paper gives ample sensitivity to re- 
cord the faintest deflection. Yet it’s rugged enough 
to withstand the toughest field conditions. 

The emulsion has speed to spare—no loss of 
records from low or fluctuating lamp voltages. 
You can process this paper in developer tempera- 
tures up to 120 F and still get strong black traces 
on a clean white background every time. 

Linagraph 480, the standard of the industry, 
comes to you in metal slip-cover cans that take the 


EASTMAN KODAK COMPANY, Rochester 4, N. Y. 


roughest field handling. Processing is quick and 
easy with Kodak Linagraph Chemicals. They’re 
all single-powder. Just add water and mix. 

Your Kodak dealer can give you prompt service 
and delivery. 


The new booklet **Kodak Materials 
for Geophysical Exploration” gives 
you complete information on Kodak 
Linagraph Materials. See your Kodak 
dealer. 
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ENGINEERED SEISMIC SURVEYS 


R. D. Arnett C.G. McBurney J. H. Pernell 
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1. Seismo-Writ Photorecording Paper. A 
fast, easy-to-read paper available in stand- 
ard sizes and in two types — Type B 
(standard weight) and Type W (all-rag, 
extra-thin). Seismo-Writ is packaged in 
strong, durable, easy-to-handle metal con- 
tainers. All rolls are sealed in waterproof, 
foil bags for safe storage of paper before 
you use it, and for the records after the 
shot is made. An address label is provided 
for mailing convenience. 


2. CRONAR* Recording Film. Relative 
speed (tungsten) 30. 


3. Lino-Flex 1. Relative speed (tungsten) 10. 


Both of these films are on Du Pont’s exclu- 
sive polyester photographic 
film base, which offers such important 
advantages as: unexcelled strength, excep- 
tional dimensional stability and flexibility, 
rapid drying. 


t 


For more information on our Seismic 
line, write: E. I. du Pont de Nemours & 
Co. (Inc.), Photo Products Department, 
Wilmington 98, Delaware. In Canada: 
Du Pont of Canada Limited, Toronto. 

*Du Pont's trad k for its polyester photographic films. 


This advertisement was prepared exclusively by Phototypography. 


BETTER THINGS FOR BETTER LIVING 
» THROUGH CHEMISTRY 
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YOU 
GO PLACES 
with the big 


¢ Greater Portability! 
¢ Faster Shot Holes! 


For fast drilling, this Failing CFD-1B 
Combination rig has no equal. Pro- 
duces holes to 1000 feet using water 
. . . to 500 feet using air. Two-speed 
hydraulic chain-feed drive. Wet or 
dry samples or cores. Send for bulle- 
tin 58-1. 

FOR REMOTE OR SWAMP AREAS 
Where transportation to the drilling 
area is a problem, use the Failing 
CFD-2. This bantam weight rig will go 
any place a truck will go. Shot holes 
to 350 feet. 


FAST PARTS SERVICE 

FAILING maintains speedy replace- 
ment service. Supplies and parts 
available day or night, whenever and 
wherever you may need them. 


Look to the BIG “F” 
for FINEST rigs made! 


GEORGE E. COMPANY 


A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 


ENID, OKLAHOMA, U. S. A. 


HUNTINGS 


HUNTING GEOPHYSICS LTD. 
4 ALBEMARLE STREET @© LONDON W.! 
Cables: HUNTMAG, LONDON 


Representative in the U.S.A.: 

LORD PENTLAND, A.M.I.C.E., A.M.1.E.E. 
10 Rockefeller Plaza 

New York 20, N.Y. 
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It is a known fact that geophysical instrumentation has 
advanced faster than geophysical interpretation. Due largely to 
the competitive efforts of specialized manufacturers, instru- 
mentation has made significant strides in the past ten years. 
Whereas, interpretation has not kept pace. 

Robert H. Ray Co. makes a concerted effort to remedy this 
inequity through progressive interpretive research. Men have 
been assigned to special projects devoted exclusively to such 
problems as velocities, migrations, and faults. Further, very 
close coordination with field parties is maintained at all times. 
Any interesting or peculiar interpretive problem encountered 
is referred directly to this research staff for review and study. 

Attaching the proper importance to all phases of geophysi- 
cal exploration — another reason why RHR remains high 


among the leaders! 


ROBERT H. RAY CO. 


2500 Bolsover Road Houston 5, Texas 
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1959 


AVAILABLE PUBLICATIONS OF 


The American Association 
of Petroleum Geologists 


Comprehensive Index of the Publications of the A.A.P.G., 1917-1945. Compiled by Daisy 
Winifred Heath. 603 pp. 6.75 x 9.50 inches. Cloth. To members, $3.00 


Both Indexes at once, covering all Association publications, 1917-1955 at special price. 
To members, $5.00 


Appalachian Basin Ordovician Symposium. From August, 1948, Bulletin, 264 pp. 72 illus. 
6 x 9 inches. Cloth. To members, $1 


Possible Future Oil Provinces of the United States and Canada. 4th printing. From 
August, 1941, Bulletin. 154 pp., 83 figs. 6 x 9 inches. Paper. To members, $1.00 


Problems of Petroleum Geology. 2d printing. Originally 
pp. 200 illus. 5.75 x 8.5 inches. Cloth. To members, $4 


Possible Future Petroleum Provinces of North America. From February, 1951, Bulletin. 
360 pp., 153 figs. 6 x 9 inches. Cloth. To members, $2.50 


Geological Cross Section of Paleozoic Rocks: Central Mississippi to Northern Michigan. 
Prepared under auspices of Geologic Names and Correlations Committee. 5 cross sections, 
vertical scale 500 feet to the inch. 29 pp. of explanatory text, index. 8 x 10 inches. Press- 
board, sections folded in pocket. To members, $2. 


Miocene Stratigraphy of California (1938). By Robert M. Kleinpell. 450 pp., 14 figs., 22 
pls., 18 tables. Offset reprinted. 5.5 x 8.5 inches. Cloth. To members, $4.50 


Stratigraphic Type Oil Fields (1941). 
5.5 x 8.5 inches. Cloth. To members, 


Petroleum Geology of Southern Oklahoma. 24 articles. 402 pp., 110 figs., 6 pls., 27 tables. 
6.75 x 9.5 inches. Cloth, To members, $5.00 


Structure of Typical American Oil Fields. Vol. I (1929). 4th printing. 510 pp., 190 illus. 
5.5 x 8.5 inches. Cloth. To members $4.00 


Structure of Typical American Oil Fields. Vol. II (1929). 4th printing. 750 pp., 235 illus., 
5.5 x 8.5 inches. Cloth. To members $5.00 


Structure of Typical American Oil Fields. Vol. III. McCoy Memorial Volume. 24 papers. 
516 pp., 219 illus. Cloth. To members, $3.50 


Geology of California (1933). By R. D. Reed. 355 pp., 58 figs., 26 tables. Structural Evolu- 
tion of Southern California (1936). By R. D. Reed and J. S. Hollister. 157 pp., 57 figs., 14 


photographs, 9-color tectonic map. Both offset reprinted. 2d printing. 5.5 x 8.5 inches. 
Clothbound together. To members, 


Western Canada Sedimentary Basin. Rutherford Memorial Volume. Edited by Leslie M. 
Clark (1954). 30 papers. 521 hei 2d printing. Stratigraphy of Plains of Southern Alberta. 
Dowling Memorial Volume (1931). A symposium. 14 papers. 166 pp. 2d printing, by offset. 
6.75 x 9.5 inches. Clothbound together. To members, $6.00 


Jurassic and Carboniferous of Western Canada. Allan Memorial Volume. Edited by A. J. 
Goodman. 24 papers. 514 pp. Cloth. To members, $6.00 


Habitat of Oil. Edited by Lewis G. Weeks. 1,364 pp., cloth bound. 56 papers on oil occur- 
rence—20 on North America; 5 on South America; 7 on Europe; 5 on Middle East; 4 on 
Far East; 9 ——- papers on oil occurrence and migration, hydrocarbons, and basin 
development; and an analysis by the Editor. To members, $9.00 


Lower Tertiary Biostratigraphy of the California Coast Ranges. By V. Standish Mallory. 
Companion volume to Miocene Stratigraphy of California, by Robert M. Kleinpell. 297 
PP. of text; 7 line drawings; 42 plates of Foraminifera; 18 tables; index. 6 x 9 inches. 


Petroleum Geology of Southern Oklahoma. Vol. II. 17 articles, 350 pp., 141 figs., ‘ 
6.75 x 9.5 inches. Cloth. To members, $5. 


Bulletin of The American Association of Petroleum Geologists. Official monthly publication. 


Each number, approximately 150 pages of articles, maps, discussions, reviews. Annual 
subscription, $18.00 (outside United States, $19.00). Descriptive price list of back num- 
bers on request. 


(Prices, postpaid. Write for discount to colleges and public libraries.) 
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Visit the r ch-d i] t laboratories 


of General Geophysical Company in Houston, Texas. 

You’ll find a hum of intelligent activity. The problem of the 
day may be the improvement of radio equipment for 

offset shooting. Or, perhaps it pertains to the development 

of a new seismic amplifier using transistors. Whatever 

the problem, you’ll see progress in the making. 

These extra efforts to provide the most accurate field data for 
its clients have made General Geophysical Company 
synonymous with progress in geophysical instrument 
development and technique research. The extensive information 
and improved equipment resulting from this 

program are used on your prospect each time you place one 

of General’s experienced crews in the field. 


In Canada: 10509 Bist Avenue, Edmonton, Alberta, Canada 
‘7pm General Geophysical Company de France (SARL), 4 Square Rapp © Paris 7, France 
= Genera! Geophysical Company de Venezueta, C. A., Apartado 1871 © Caracas, Venezuela 


GEOPHYSICAL COMPANY General Geophysical Company (Bahamas) Ltd., Bogota, Colombia 
WOUSTON CLUB BUILDING HOUSTON, TEXAS 


General’s 12-man  research-de- 
velopment staff works hand-in- 
hand with field crews. This 
co-operative teamwork has 
helped General to realize opti- 
mum equipment design for its 
field units. 


WHEN YOUR CONTRACT !S WITH GENERAL, THE PERCENTAGE FOR SUCCESSFUL EXPLORATION IS IN YOUR FAVOR 


Where accuracy 
v 
SY 


| 
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The letters ABEM are to be found on over 
200 Torsion Magnetometers manufactured 
and delivered by THE ABEM COMPANY 
since 1952. Some features of the 
MZ-4 MAGNETOMETER 
the latest in the series of ABEM Vertical 
Variometers based on the torsion principle 
are shown below. 


ELASTIC AFTER-EFFECT does not dis- 
turb the readings as the field acting on 
the magnetic needle is neutralised by 
an opposing field produced by two 
built-in compensating magnets. 


TWO MEASURING RANGES. The sen- 
sitive range allows continuous reading 
over an interval of about 20,000, 
and may be read to about ly. The 
super range has 20 built-in steps and 


extends the continuous reading inter- 
val to about + 150,000». 


A 33° WIDE ANGLE BALL AND 
SOCKET JOINT for rough levelling 
and a 2 screw fine levelling system 
reduce the time for an observation to 
as low as 45 seconds. 


Other features are: 


HIGH OVERALL ACCURACY. 


When repeating the whole measuring 
procedure this is, on the average, 
about 3y. 


LOW AZIMUTH DEPENDENCE. 
No orientation is needed for normal 


measuring. The MZ.4 in common with other 


ABEM Geophysical Instruments is 


L (@) W WEIl G HT. covered by a 12 month warranty 


The MZ-4 epee with its tripod For further details about the MZ 4 
weighs only 58 kg. write for leaflet M 0859 


Other instruments bearing the letters ABEM, as well as details about ABEM’s contract 
prospecting services, are described in pamphlet GP 1058 which will be sent on request. 


CONSULTANTS | THE ABEM COMPANY [contractors 


DANDERYDSGATAN 11, STOCKHOLM, SWEDEN 
CABLES-PROSPECTING 
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“Wildcat” by the tail.. 


Republic can help you tame him! 


Republic’s experienced seismic crews have 
proved time and time again that there is just one 
way to “cage a wildcat”. The only answer is 
to base your exploratory drilling on geological 
and geophysical data that is adequate and 
carefully interpreted by experienced personnel. 
Republic offers sound, well-planned 
exploration services. The latest in magnetic 
equipment and modern methods are 
employed to increase your chances 
for drilling success. 
To “cage” your wildcats — consult Republic 
before starting your next well. 


For your copy of a U. S. map showing all 
major geological features, write: Republic, 
Dept. B, Box 2208, Tulsa, Okla. 
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Sensitive 
SURVEYIN 


TYPE 
FA-112 


CUSTOM CALIBRATED 


ACCURACY 0.1% TYPE 
FA-181 


STANDARD RANGES 

Minus 1000 to 3000 feet 
Minus 1000 to 6000 feet 
Minus 1000 to 15000 feet 
Special Ranges Available 


Write for additional information 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET, BELLEVILLE 9,NEW JERSEY 
IN CANADA: WALLACE & TIERNAN LTD.,WARDEN AVE., TORONTO 13, ONT. 


A-118.42 
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Top quality survey results 
are assured through top 
quality supervision. IX sur- 
veyors average 13 years ex- 


1973 West Gray, Houston, Texas 
3 Frederick's Place, Old Jewry, London, E. C. 2, England 
1 Place Lyavtey, Algiers, 


12 Rue Chabanais, Paris, France 
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POINTING THE WAY FOR THE DRILL 


Leadership in the field pro- 
vides more useful seismic 
records. IX party chiefs 
average 17 years experience, 
and observers 15 years. 


Supervision and correlation 
of data is the responsibility 
of company executives aver- 
aging 23 years experience at 
Independent Exploration Co. 


Final recommendations are 
compiled, verified, checked 
and re-checked many times 
by top seismic exploration 
specialists at IX 


Put the IX team to work gathering seismic data for 
you ... to point the way for your drill. You can 
put your faith in the superior methods, equipment and 
supervision of... 


INDEPENDENT EXPLORATION CoO. 


Sep eye 


OVER 1832 MAN YEARS OF EXPERIENCE 
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PRECISION INSTRUMENTATION 
FOR THE PETROLEUM INDUSTRY 


THE NEW SERIES PB-50 REPRESENTS AN ADVANCED CONCEPT IN 
THE DEVELOPMENT OF SEISMIC DATA REDUCTION SYSTEMS ... 
providing custom instrumentation at a cost comparable to other 

less flexible systems. This versatile and exceptionally 

economical system is engineered for maximum design flexibility . . . 
assuring the customer of operation compatible with his existing 

field recording equipment. 

Invaluable tape recorded seismic data . . . accurately and 

automatically corrected for time variables ... is displayed in a 

choice of highly defined photographic presentations .. . a guarantee 

of increased operational efficiency and greater reliability of 
stratagraphic interpretation. 

EIC has once more provided the petroleum and geophysical 

industries with the instrumentation necessary for an economical 
seismic exploration program. 


For detailed specifications write or wire for Series PB-50 Bulletin. 


ELECTRODYNAMIC INSTRUMENT 
CORPORATION 


2508 Tangley Road * Houston 5, Texas 


Please mention GropHysics when answering advertisers 


4 
36 GEOPHYSICS, OCTOBER, 1959 
= 
ae 
ae 


GEOPHYSICS, OCTOBER, 1959 


DELAY LINES 


FOR GEOPHYSICAL APPLICATIONS 


DL-1000-10,000/25T Series 


Extremely Long Delays — 
100 Milliseconds and greater 


Low Attenuation 


Excellent Phase Linearity 


DESCRIPTION 


What is believed to be the longest lumped constant delay line ever 

constructed was originally designed to meet the specific require- 

ments of a geological auto-correlation application—complex input 

waveforms can be delayed from zero to 100 milliseconds, with 

negligible deterioration of the shape of the waveforms. These units 

feature extremely long delay and low attenuation, together with 

excellent phase linearity. It has 100 external taps, permitting one 
—millisecond increments to be selected. The 100 millisecond line . P : 
consists of four identical 0 to 25 millisecond tapped delay lines in Four 25 Millisecond sections in Cascade 
cascade. Each of these separate delay lines contains 25 sections of 

m-derived LC networks utilizing high-Q toroidal inductances and A significant design feature of the 25 millisecond 
ultra-stable capacitors. The precise matching of all of these LC lines is that their input and output sections are ex- 
networks makes possible the successful cascading of the four units ternally disconnectable, which enables the lines to 
—in fact, there is no reason why more than four such units could be cascaded or used separately without any internal 
not be cascaded, thus creating an even longer delay line. wiring modifications. 


25 milsec Delay, 100 milsec 
SPECIFICATIONS DL-1000-10000/25T ‘DL-1000-10000 


Overall Delay 25 milliseconds 100 milliseconds 


Characteristic Impedance 1000 ohms 1000 ohms 
Number of Taps 25 100 
Delay between Taps 1 milsec + 'A% 1 milsec + 2% 


Attenuation — 10 cps, 2 db 8 db 
100 cps, 2.6 db 10.4 db 
300 cps 5.5 db 22.0 db 


Bandwidth 400 cps 400 cps 
Phase Linearity + .75% up to 300 cps + .75% up to 300 cps 


Size—Standard RETMA 
rack-cabinet mounting 19” x 514" x 10” 19” x 21" x 10” 


Weight 50 Ibs. 200 Ibs. 


Write for complete literature! 


EASTERN PRECISION RESISTOR CORPORATION 


675 Barbey Street Brooklyn 7, New York Tel. HYacinth 5-0133 
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SEG PUBLICATIONS 


INDEX OF WELLS SHOT FOR VELOCITY 
FOURTH SUPPLEMENT (1956) $1.00 
Members of SEG $0.50 


Edited by V. U. Gaither, Continental Oil 
Co. 23 pages. 634 x 914. Paper. 


This is a reprint of the supplement published in 
GEOPHYsiIcs, v. 21, n. 1 (January 1956), listing wells 
shot during the period from July 1952 to October 
1955. 


FIFTH SUPPLEMENT (1957) $1.00 
Members of SEG $0.50 


This is a reprint of the supplement published in 
GEOPHYSICS, v. 22, n. 1 (January 1957). 


SIXTH SUPPLEMENT $1.00 
Members of SEG $0.50 


This is a reprint of the supplement published in the 
1957 GEOPHYsICS YEARBOOK (December 1957). 


SEVENTH SUPPLEMENT $1.00 
Members of SEG $ .50 


This is a rint of the supplement published in 
GEOPHYSICS, v. 23, n. 5 (December, 1958). 


CAREERS IN EXPLORATION GEOPHYSICS (1958) 


1-499 copies, each $0.65 
500-999 copies, each 
1,000-1,999 copies, each 55 
2,000 or more, each -50 


One copy free to each student on request. 
Ten copies free to educators, additional 
copies 25¢ each. 


Standing Committee on Public Relations. 
16 pages. Fully illustrated. Paper. 


This brochure was prepared to meet an increasing 
demand among high school teachers and counselors 
for more information about exploration geophysics 
as a vocation. The attractive, but factual presentation 
answers the following questions a high school stu- 
dent might ask: “What is exploration geophysics? 
How does exploration geophysics work? Where will 
you work? What are the jobs in exploration geo- 

hysics?> What is the outlook for compensation? 
Where will you begin? . . . and how may you ad- 
vance?” An excellent public relations piece, this 
brochure is used by party chiefs and permit men to 
get acquainted in new areas and explain in simple 
terms just what their work is like. All profits from 
sales are used to continue the Society’s vocational 
guidance program. 


GEOPHYSICS (Quarterly) 


Subscription, per year $10.00 
Foreign postage, per year ... ..$ .50 
Members of SEG No charge 


The official journal of the sec issues in January, 
April, july and October each year. The first issue 
was published in January, 1936 as Volume I, No. 1. 
Volumes run on a calendar year basis. An average 
of twelve technical papers appear in each issue, all 
contributed by members and others engaged in 
applied and theoretical geophysics. 


GEOPHYSICS—Clothbound Volumes 


SEG Foreign 
Reprints Members Others Postage 
Vol. | (1936 $6.00 $10.00 $0.50 
Vol. 2 (1937 6.00 10.00 0.50 
Vol. 3 (1938 6.00 10.00 0.50 
Vol. 4 (1939 6.00 10.00 0.50 
Vol. 5 (1940 6.00 10.00 0.50 
Vol. 6 (1941 6.00 10.00 0.50 
Vol. 7 (1942 8.00 10.00 0.50 
Vol. 8 (1943 8.00 10.00 0.50 
Vol. 9 (1944 8.00 10.00 0.50 
Original Printing— 

Vol. 22 line 6.00 10.00 0.50 
Vol. 23 (1958 6.00 10.00 0.50 
Available issues, each $3.00 
Members of SEG $2.50 
Foreign postage $0.20 

Volume No. Issue Year 

19 I January 1954 

19 2 April 1954 

19 3 July 1954 

19 a October 1954 

20 ! January 1955 

20 2 April 1955 

20 3 July 1955 

20 4 October 1955 

21 January 1956 

21 2 April 1956 

21 3 July 1956 

21 4 October 1956 

22 I January 1957 

22 2 April 1957 

22 3 July 1957 

22 4 October 1957 

22 Yearbook December 1957 

23 I January 1958 

23 2 April 1958 

23 3 July 1958 

23 4 October 1958 

23 5 December 1958 

24 I February 1959 

24 2 April 1959 

24 3 July 1959 


Society of Exploration Geophysicists 
Box 1536, Tulsa 1, Oklahoma 
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SEG PUBLICATIONS 


EARLY GEOPHYSICAL PAPERS 
(Compiled in 1947) 
Members of SEG 
Foreign postage, per copy 


$12.00 
$ 8.00 
$ 0.50 


Edited by L. L. Nettleton. 848 pages. 614 x 
94. Fully illustrated. Cloth. 


Pa presented at meetings of the Society of Pe- 
troleum Geophysicists during the years 1929 through 
1935 were published for the society in the journals 
of the American Association of Petroleum Geologists 
and the American Physical Society, Along with three 
— pa which had been mimeographed and 

istributed to SPG members in 1931 and 1932, the 
57 papers were assembled in 1947 with ission 
from the AAPG and APS and republished by offset 
process. The second printing of this historical work 
was prepared for publication in January, 1957. 
These papers contain much of the early history and 
technical fundamentals of the present geophysical 
industry, making this volume necessary to a com- 
plete geophysical library. 


GEOPHYSICAL CASE HISTORIES, 
VOLUME 1 (1948) $10.00 
Members of SEG, AAPG & AIME $ 6.00 
Foreign postage, per copy $ 0.50 


Edited by L. L. Nettleton. 680 . Fully 
illustrated. 7 x 10. Cloth. — 


This volume, first of a series to be published at five 
to seven year intervals, is a collection of 60 papers 
by 61 authors on geophysical observations made 
under a wide variety of field circumstances. The 
purpose of the series is to provide material by which 
geophysical surveys can be judged from later devel- 
opment and thus aid in the interpretation and eval- 
uation of other geophysical work. Contents: 3 general 
and historical papers; 21 salt dome case histories 
(Texas, Louisiana and Mississippi); 17 mid-continent 
case histories (Arkansas, Illinois, Oklahoma and 
Texas); 4 Rocky Mountain case histories; 11 Califor- 
nia case histories; 4 foreign case histories. Features 
a complete title index cross-referenced to a classified 
index of all maps and figures. 


GEOPHYSICAL CASE HISTORIES, 
VOLUME Il (1956) 
Members of SEG, AAPG & AIME $ 6.00 
Foreign postage, per copy $ 0.50 
Edited by Paul L. Lyons, Sinclair Oil & Gas 


Co. 690 pages. Fully illustrated. 7 x 10. 
Cloth. J 


$10.00 


The second volume of the series contains 53 

by 75 authors. In this volume the case histories are 
grouped ™ type of trap rather than by logic 
province. It contains 17 foreign 

than Volume I, and more than half ¢ ¢ material is 
original, being published for the first time. The 
second volume also contains a complete index cross- 
referenced to a classified index of all maps and 
figures. Contents: 6 general and historical, 6 salt 
dome, 6 reefs, 23 anticlines, § stratigraphic traps, 
8 mining and 5 new uses. 


CUMULATIVE INDEX, 1931-1953 (1955) $5.00 
Members of SEG $3.00 
Foreign postage, per copy $0.50 


Edited by Kenneth L. Cook, Department of 
Geophysics, University of Utah. 322 pages. 
7 x 10. Cloth. 


All publications of the Society (GEOPHYSICS, EARLY 
GEOPHYSICAL PAPERS and GEOPHYSICAL CASE HISTORIES, 
VOLUME 1!) during the period are indexed by subject, 
title and authors. Geophysical patents abstracted in 
GeoPHysics from 1939 through 1953 are indexed 

arately by subject, patent number and inventor. 
—— of all literature reviews substantially ex- 
tends the usefulness of this index, since most of the 
significant literature of exploration geophysics since 
1936 not published by the Society has been reviewed 
in GEopHysics. Whether or not the reader has a 
complete file of sec publications, he will find this 
index most useful. 


INDEX OF WELLS SHOT FOR VELOCITY 
(1953) $5.00 
Members of SEG $2.50 


Edited by B. G. Swan, Continental Oil Co. 
68 pages. 63% x 914. Paper. 


This publication contains a list of over 2,000 wells 
reviously published in Gzopuysics. The original 
index appeared in GEoPHysics, v. 9, n. 4 (October 
1944), and supplements were published in v. 11, n. 
4; v. 14, n. 1; and v. 16, n. I. This is a composite 
of the information contained in the four separate 
lists. Wells are listed by State and County, giving 
the name of the company, lease, location, survey 
depth, by whom shot, date, and by whom sponsored. 
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SEG PUBLICATIONS 


INDEX OF WELLS SHOT FOR VELOCITY 
FOURTH SUPPLEMENT (1956) $1.00 
Members of SEG $0.50 


Edited by V. U. Gaither, Continental Oil 
Co. 23 pages. 634 x 914. Paper. 


This is a reprint of the supplement published in 
GEoPHysiIcs, v. 21, n. 1 (January 1956), listing wells 
shot during the period from July 1952 to October 
1955. 


FIFTH SUPPLEMENT (1957) $1.00 
Members of SEG $0.50 


This is a reprint of the supplement published in 
GEOPHYSICS, v. 22, n. 1 (January 1957). 


SIXTH SUPPLEMENT $1.00 
Members of SEG $0.50 


This is a reprint of the supplement published in the 
1957 GEOPHYSICS YEARBOOK (December 1957) 


SEVENTH SUPPLEMENT $1.00 
Members of SEG $ .50 


This is a reprint of the supplement published in 
GEOPHYSICS, v. 23, n. 5 (December, 1958). 


CAREERS IN EXPLORATION GEOPHYSICS (1958) 


1-499 copies, each $0.65 
500-999 copies, each 

1,000-1,999 copies, each 55 
2,000 or more, each 50 


One copy free to each student on request. 
Ten copies free to educators, additional 
copies 25¢ each. 


Standing Committee on Public Relations. 
16 pages. Fully illustrated. Paper. 


This brochure was prepared to meet an increasing 
demand among high school teachers and counselors 
for more information about exploration geophysics 
as a vocation. The attractive, but factual presentation 
answers the following questions a high school stu- 
dent might ask: “What is exploration geophysics? 
How does exploration ng a work? Where will 
you work? What are the jobs in exploration geo- 
ce What is the outlook for compensation? 

here will you begin? . . . and how may you ad- 
vance?” An excellent public relations piece, this 
brochure is used by party chiefs and permit men to 
get acquainted in new areas and explain in simple 
terms just what their work is like. All profits from 
sales are used to continue the Society’s vocational 
guidance program. 


GEOPHYSICS (Quarterly) 
Subscription, per year $10.00 
Foreign postage, per year ... ..$ .50 
Members of SEG No charge 


The official journal of the sec issues in January, 
April, july and October each year. The first issue 
was published in January, 1936 as Volume I, No. 1. 
Volumes run on a calendar year basis. An average 
of twelve technical papers appear in each issue, all 
contributed by members and others engaged in 
applied and theoretical geophysics. 


GEOPHYSICS—Clothbound Volumes 
SEG Foreign 


Reprints Members Others Postage 


1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 


Original Printing— 
Vol. 22 Ho 
Vol. 23 (1958 6.00 


Available issues, each 
Members of SEG 
Foreign postage 


December 
January 
April 

July 
October 
December 


Society of Exploration Geophysicists 
Box 1536, Tulsa 1, Oklahoma 
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Vol. 2 6.00 10.00 0.50 
Vol. 3 ) 6.00 10.00 0.50 
Vol. 4 6.00 10.00 0.50 

Vol. 6 ( 6.00 1000 0.50 
Vol. 7 8.00 10.00 0.50 
Vol. 9 8.00 10.00 0.50 

10.00 0.50 

$2.50 
$0.20 

Volume No. Issue Year 
19 January 1954 

19 April 1954 
jes 19 July 1954 : 
ie 19 October 1954 

a 20 January 1955 
a 20 April 1955 

20 July 1955 

20 October 1955 
21 January 1956 
2! April 1956 

21 July 1956 
21 October 1956 

ee 22 January 1957 

ee 22 April 1957 

22 July 1957 

22 October 1957 

22 Yeammook 1957 

a 23 1958 | 

23 1958 

© 23 1958 

23 1958 

23 1958 

es 24 February 1959 

24 April 1959 

24 July 1959 
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WHEN AGCURACY 
«TS A MUST 
World-Wide Gravity 
Meters Are Your 
best ply... 


Exploration crews the world over are using 
more World-Wide Gravity Meters than ever 
before— for good reasons! Weighing only 
eight pounds, this economical, built-to-take-it, 
portable meter operates anywhere in the 
world in all kinds of weather with maxi- 
mum accuracy. World-Wide’s easy-to-read 
meter is thoroughly temperature compen- 
sated, requires no thermostats, no barometric 
temperature corrections. Sealed in a vacuum, 
the World-Wide Gravity Meter gives depend- 
able, trouble-free service in the most difficult 
prospect areas. 
Exclusive Features Of 
The World-Wide Gravity Meter: 

@ Fasy reading counter, , , operator teads the 


meter without removing from the tripod. 
®@ Recessed level bubble, , , eliminates 


level bubble creep. 
@ World-wide range on all meters, , , 


regardless of latitude. 
@ Approximately 100 milligal range on 


counter, , minimizes resetting instrument 
in rugged terrain. 


World-Wide Gravity Meters are available on purchase or rental/purchase plans. 
Each instrument carries a full-two-year warranty. Write or wire for complete details. 


3802 South Shepherd, Houston, Texas * Cable Address: GRAVIMETER HOUSTON 
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‘Round the World with Rogers 


rf 

‘\ SOMALILAND 
J 


¢ 
ETHIOPIA ) 
rx 


ANT Skyscrapers of Africa 


Builders of these lofty, steeple-like structures are white ants, 
another destructive member of the termite family. This is one of 
the many strange phenomena Rogers crews encounter in their 
travels around ‘he world. These large, columnar nests, or 
termitaria, often attain heights of 20 feet with a base |2 feet 
in diameter. From the air, the connical towers are 
frequently mistaken for native huts. 


pg 
Throughout the world — over all kinds of terrain, in all 
types of climate — Rogers crews demonstrate the “know-how” 
that has made Rogers another name for reliability. 
For your next geophysical program, get the benefit of more 
than 500 man-years of world wide service in petroleum 
exploration, and the finest instruments and equipment 
available. Remember Rogers for results. 


Geoohysteal 
3616 WEST ALABAMA *¢ HOUSTON, TEXAS 


Edificio Republica * Caracas, Venezuela 
Mogadiscio + Somalia 

34 Ave. des Champs Elysees + Paris, France 

1-3 Arlington St., St. James's + London 1, England 


ROGErRsS' CREW S GO EVERYWHERE 
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Lalosie & Rom berg 


GRAVITY METER 


WITH SEISMIC COMPENSATION 


COMPLETELY ENCLOSED, SELF LEVELING 


provides accurate 
gravity readings 
even in rough 
water and on 

soft bottoms 


The exclusive seismic compensation on the LaCoste & Romberg Underwater 
Gravity Meter is added assurance of the ultimate in accuracy in offshore 
gravity surveys. To compensate for seismic motion of the ocean bottom, a 
servo-operated elevator* automatically raises and lowers the meter. With 
this seismic compensation, the accuracy of the LaCoste & Romberg Under- 
water Meter is within 0.02 mgl under good conditions and is better than 
0.1 mgl under such adverse conditions as rough weather and soft bottoms. 
Drift is within 1 mgl per month. 


You will find, too, that LaCoste & Romberg Gravity Meters—either 
underwater or land—are exceptionally rugged and dependable. Experi- 
ence since 1946 with underwater meters has enabled LaCoste & Romberg 
to build gravity meters that meet the practical requirements of commercial 
offshore exploration work. *PATENT NOS. 2,589,709 AND 2,589,710 


For detailed information about LaCoste & Romberg Gravity Meters, Write— 


LaCoste & Romberg @ 6606 North Lamar @ AUSTIN, TEXAS 
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explosives! 


Dependably safe nitro carbo nitrate blasting agent, ; NITRO CARBO NIT He 


CYAMON® “OS” has been developed specifically for use 

in seismic prospecting at sea. It is not cap sensitive . . . q a: 
cannot be detonated without a primer. It complies in RICAN CYANAMID iy 
every respect with U. S. Coast Guard regulations con- 3 
trolling use of explosives on high seas. YORK, 
Packaged in metal containers of these sizes and capacities: j 3 
5”x13"-10lbs. 2712-25 lbs. 


THE CYANAMID SEISMOGRAPH LINE:* 
Hi-Speed * Geogel * AjaxS °* Pattern Powder—Available 
with Fast Coupler or E-Z Lok °* Blasting Agents—Cyamon OS 


*Trademark 
Distributor Sales Offices and Magazines: 
Dixie Dynamite Distributors, Inc. — Jackson, Mississippi ° 
Hattiesburg, Mississippi * Houma, Louisiana 
Southern Sales and Transportation Co. — Alice, Texas ° 
Brewton, Alabama °* Brookhaven, Mississippi * Houma, 
Louisiana Lafayette, Lovisiana Shreveport, Louisiana 
* Lake Charles, Lovisiana 


Beeville H. & T. Sales Company — Beeville, Texas 


CYANAMID 


AMERICAN CYANAMID COMPANY : 
Explosives and Mining Chemicals Department 
30 Rockefeller Plaza, New York 20, New York nen 
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Maximum 2 
Information 


Minimum 
Equipment 
Investment 


2 a [SIE] MS-12 GeoData System will process up to 15 
magnetic recordings hourly, presenting a finished 
seismic time section at low equipment and oper- 
_— el a ating cost. FM or direct (AM) tapes can be 
analyzed and the resulting pen-sections can be 
: reproduced by Ozalid type processes. Trial filter- 
me A # ing and mixing schemes can be observed on the 
oscillographic drum before sections are made. 
Weathering, elevation, normal moveout, and 

spread configuration information correction fac- 

tors are generated electronically for ease of 

change or setting in data. A true horizontal scale 

can be presented even though spread lengths vary. 


: [SIE] MS-18 GeoData System incorporates all of the 
features of the MS-12 GeoData System, but has 
three magnetic drums and associated circuitry 
specifically designed to provide high production 
compositing of magnetic recordings. Normal 
moveout correction range has been extended to 
400 ms so that reflections from shallow strata can 
be composited. 


[SIE] MS-17 GeoData Auxiliary units provide the 
versatile combinations of variable density, variable 
area, multiple clipped trace or conventional gal- 
vanometer cross sections. These cross sections are 
made concurrently with pen-written sections being 
made on the MS-12. In addition, the MS-17 
permits techno-type magnetic recordings to be 
processed on MS-12 and MS-18 Systems. 
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== You get more of the 
= = = SUBSURFACE PICTURE 


with | S| E | 
GeoData Processing Systems 


Field seismic information preserved on magnetic tape represents hours 
of careful planning and costly field operations. That’s why exploration geo- 
physicists are utilizing SIE GeoData equipment to extract more of the 
subsurface information . . . making certain they realize the full value of 
the investment in each record . . . adding another dimension to each 
exploration dollar. 

Using sequential processing, SIE GeoData Systems require less capital 
investment, yet their versatility insures the most rapid, accurate presenta- 
tion of subsurface data available . . . with all the costly seismic information 
preserved and ready for interpretation. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS COMPANY 
A Division of Dresser industries, inc. 


10201 Westheimer © P. O. Box 22187 © Houston 27, Texas 
CABLE: SIECO HOUSTON TWX: HO-1185 
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AREAS? 


On six continents, Aero Service and its affiliate companies are 
now completing airborne magnetometer surveys. With the 
new Doppler-radar guidance system, we are completing missions 
faster with pin-point accuracy . . . and saving money for 

our clients. Surveys are now underway in... 


Canada England 
Middle East Korea 

Italy Australia 

. Turkey © Venezuela 

Thailand United States 


New commitments are being made now for our crews throughout the 
world. If you’re planning exploration in these or other areas, 
Aero Service will be glad to give you complete details on how you 
can cut mobilization costs and save valuable time. 


aero service corporation 


Oldest Flying Corporation in the World Philadelphia 20, Pa. 
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EUROPEAN ASSOCIATION 


OF 
EXPLORATION GEOPHYSICISTS 


The E.A.E.G. was founded in December 1951 


The aims of the Association are to promote the science of exploration geophysics by 
establishing contacts and encouraging co-operation and fellowship between geo- 
physicists in Europe and elsewhere and by disseminating knowledge of the science 
through the agency of regular meetings and the publication of technical papers. 


MEMBERSHIP 


Active Members pay an annual membership fee of Neth. fis. 15.—, increased by 
Neth. fis. 0.50 collecting charges. In U.S. currency this charge amounts to $4.10. 


Prospective Members. Anybody interested in geophysics can apply for membership 
by sending in an Application Form, duly filled out. Forms will gladly be supplied 
by the Secretary-Treasurer of the E.A.E.G. but may also be obtained through the 
kind assistance of the Business Manager of the S.E.G. 


GEOPHYSICAL PROSPECTING 


Official Journal of the European Association of 
Exploration Geophysicists 


This journal is issued quarterly and contains articles written in English, French or 
German. English, however, is predominant and each article is preceded by an abstract 
in that language. 

Active members receive the journal free of charge. 

In accordance with the Terms of Affiliation with the Society of Exploration 
Geophysicists, members of that Society may enter a current subscription to the 
journal for the normal membership fee. 


The Subscription Rate for non-members is Neth. fils. 22—(U.S. $5.80) per annum. 
Single copies are available at Neth. fis. 6—(U.S. $1.60). These rates include pack- 
ing and postage and are payable in advance. A limited quantity of previous issues 
is still available at the same price. 


Advertising rates will be sent upon request. 


All communications to be directed to: 


THE SECRETARY-TREASURER E.A.E.G. 
30, C. VAN BYLANDTLAAN © THE HAGUE e¢ NETHERLANDS 
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Field tests prove Tex-Tube 
Shot-Hole Casing best! Fast, 
strong, easy-to-handle. Two 
turns completely engage 
speed coupler. Tapered ends 
mean easy stabbing. Strong 
rolled threads assure good 
recovery. 16 gage weighs 
only 20 Ibs. per length. 19 
gage weighs only 13 Ibs. 
per length. For export, ten 
lengths to a package, four 
packages to a 4-Pack. Un- 
band only what you need. 
Available from stock at the 
stores listed below. 


BAKERSFIELD Par-Tain Co BATON. ROUGE 

Tex-Tube, inc. ..BEEVILLE (Tex.) H&T SalesCo. DALLAS TEX-TUBE, 
Engineering Supply Co, HOUMA Tex-Tube, Inc. and _ 

Bilderback Dynamite Co. HOUSTON Tex-Tube, Inc. 

LAFAYETTE Bilderback Dynamite Co. MILLS (Wyo.) is 

Teton Tool Co. OKLAHOMA CITY Deupree Distributing HOUSTON 

Co. and Grove Hardware Co. FOREIGN: CALGARY Seis- BATON ROUGE 

NEW ‘YORK CITY National Suny HOUMA 
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10201 Westheimer @ P. O. Box 22187 © Houston 27, Texas 


FIELD RECORDING SYSTEM 


A COMPLETELY UNITIZED 
HIGH FIDELITY FM 
MAGNETIC RECORDING 
SEISMOGRAPH SYSTEM 


An economical one-package unit for magnetic 
recording and monitoring, the MS-15 incorporates 
all of the high-fidelity advantages of the fre- 
quency-modulation method plus linear phase shift 
seismic amplifiers to insure accurate recording 
of seismic data . . . all of this at the same 
cost as AM equipment. 

Playback of tapes is made sequentially through 
a high quality seismic amplifier and electrically 
recorded to eliminate darkroom and developing 
facilities and minimize complexity and cost. 

FM high-fidelity magnetic recording, proven 
field dependability, ease of maintenance, oper- 
ating convenience and flexibility, unmatched com- 
pactness . . . the MS-15 combines every feature 
required for successful exploration. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS COMPANY 


A Division of Dresser industries, inc. 
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MINIATURIZED 


RAYDIST 
DM SYSTEM 


SAVES COMPANY 


THOUSANDS 
OF DOLLARS 


HYDROGRAPHIC 
AND GEOPHYSICAL 
SURVEY ALONG 
75 MILES OF COASTLINE 
COMPLETED WITHIN 

40 WORKING DAYS 


The Pacific Petroleum Company, an affiliate of 
Richfield Oil, selected the new, miniaturized Ray- 
dist Type DM system for use in a geological 
survey off the coast of Peru. 

According to the Chief Geophysicist for the 
survey, the selection of Raydist over other posi- 
tion determining systems resulted in an over-all 
savings of thousands of dollars. 

Since time was limited, the equipment was 
shipped by air from Hampton, Virginia, to Peru, 
South America. Raydist, weighing only one-tenth 
of competitive systems, saved $4,000 in shipping 
costs alone. Within twenty-four hours after clear- 
ing customs, Raydist was on the job. 

The new, miniaturized Raydist system saved 
many days of installation time since the small, 
light, battery-operated shore stations can be set 
up within thirty minutes. 

Raydist, maintained by only two operators, 
saved additional transportation costs and also 
reduced the logistics problem especially important 
in this remote area. 


Raydist provided a continuous permanent 
record of the vessel’s position with relation to 
two selected shore sites which enabled the survey 
boat to return to any point at a later date with 
extreme accuracy. 


Raydist left Hampton, Virginia, on December 
10 and returned home February 2 after having 
completed a hydrographic survey along a 75 mile 
coastline in Peru, South America. 


An observer from ther oil pany, after 
seeing Raydist in operation, said, “I was favor- 
ably impressed by the portability and compact- 
ness of the system. | was also favorably im- 
pressed by the apparent accuracy and repeat- 
ability of the system. The whole set-up appeared 
efficient, and | feel sure it would be of value 
in our operation.” 

In case after case, Raydist has proved itself 
a superior tool for all hydrographic operations. 
We welcome your inquiries. 


HASTINGS-RAYDIST, INCORPORATED. 
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(Continued from page 10) 


SUBMINIATURE CERAMIC 
CAPACITORS 


MUCON CORPORATION, 9 St. Fran- 
cis St., Newark, N.J., announces a new 
series of subminiature ceramic capacitors 
called “NARROW-CAPS”, designed to be 
no more than .095” wide to fit within 1/10” 
modular spacing. 


| 1 2 


Capacitance values available in “NAR- 
ROW-CAPS” are 100 mmf; 250 mmf; 500 
mmf; 750 mmf; and 1,000 mmf. Tolerance 
is +20%. Body length of the first four sizes 
is .250” max., and the length of the 1,000 
mmf, unit is .300” max. 

Temperature range is —60°C. to 
+125°C. Power factor is less than 2.5%. 
The no. 26 tin copper gauge leads are 11” 
long min. 

“NARROW-CAPS” are ideal for the 
smaller unit concept of 1/10” modular 
spacing in printed circuitry. 


“SANDWICH” TAPE 


Oxide rub-off on recording heads—one 
of the biggest headaches in data processing 
—has virtually disappeared at computer in- 
stallations that have switched to “sandwich 
construction” magnetic tape, says its man- 
ufacturer. 

Minnesota Mutual Life Insurance Com- 
pany has detected no wear on sandwich 
tape since substituting it for all conven- 
tional tape in their Burroughs 205 com- 
puter nine months ago. 

“The only time we've had to change tape 
is when there has been mechanical dam- 
age to the tape,” reports Herbert Cherry, 
director of data processing. 


The secret behind sandwich tape’s suc- 
cess lies in its protective “armor”—a 50 mi- 
cro-inch plastic layer which shields its iron 
oxide coating from direct contact with re- 
cording heads. The tape presents to the 
recording head a smooth non-abrasive sur- 
face rather than the exposed particles. 

Conventional tape coating gradually 
wears off during the rigorous workouts im- 
posed upon it by computers. Powdered ox- 
ide collects on recording heads, as well as 
on the surface of the tape itself—either con- 
dition results in signal dropouts. 

This oxide rub-off problem was what 
prompted Minnesota Mutual's switch to 
sandwich tape. 

The company points out that tape in 
their Datafiles had been “picking up” or 
“dropping” bits, due to oxide rub-off on 
the recording heads. This in turn would 
make the capstans slippery and the tape 
would slip “out of step” during the rapid 
stop/start operations, causing wrong in- 
formation to be transmitted. 

“By replacing the entire Datafile bin 
with ‘Scotch’ sandwich tape No. 188 we 
eliminated 90% of our tape-read troubles,” 
points out Jack Gerver, senior mainte- 
nance engineer in charge of the company’s 
computer room. Sandwich tape is made os 
Minnesota Mining and Manufacturing 
Company, 900 Bush Ave., St. Paul 6, Minn. 


(Continued on page 64) 
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In the Hall-Sears organization are men who have been 
closely identified with the design and manufacture of outstand- 
ing seismic detectors since 1941. Today, featuring the industry's 
most complete line, Hall-Sears leads the world in the produc- 
tion of detectors for seismic applications. 


HALL SHARS, We'll see you at the 


2424 BRANARD e HOUSTON, TEXAS, U.S.A. Annval S.£.G. Convention 


Phone: JAckson 6-2975 e Cable Address: HALSEA Ries i 


WORLD WISE IN SEISMIC INSTRUMENTATION 


HALL-SEARS INTERNATIONAL HALL-SEARS EUROPA, N.V. HALL-SEARS FRANCE, S.A. 
Branard, Houston, Texas, U. S. A. Banstraat 2, The Hague, Holland 82 Haussmann, Paris Vill eme, France 
Cable Address: HALSEA Cable Address: HALSEA Cable Address: HALSEA 


SEISMIC INSTRUMENTS LIMITED HALL-SEARS ALBERTA, LTD. 
Durham Read, Boreham Wood, Herts. England 119 G3rd Avenue, SE. 
Cable Address: SEISMIC Calgary, Alberta, Canada 
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E Here are the best two reasons for the REFRACTION REVIVAL! — 


4 


$-36 . 


VLF 
VERY LOW FREQUENCY AND HIGH-OUTPUT 2-CYCLE 


SEISMOGRAPH 


SEISMOMETER 


Although the Refraction Seismograph was 
used as an exploration tool many years before 
the Reflection method, it was virtually aban- 
doned during the thirties because of the in- 
ability of existing equipment to record low 
frequencies and build up a satisfactory signal- 
to-noise ratio. 


SAVE UP TO 50% ON DYNAMITE — 
SHOOT ANY TIME OF THE DAY! 


Now, the thoroughly field-proved VLF Re- 
fraction System provides highly usable results 
for large area surveys or in areas unworkable 
by the reflection method. Excellent first breaks 
and second arrivals have been recorded while 


® TEXAS INSTRUMENTS 


INCORPORATED 


GEOSCIENCES AND INSTRUMENTATION DIVISION 
3609 Buffalo Speedway - Houston, Texas - Cable: TEXINS 


using less than half the dynamite required by 
other systems. Furthermore, the VLF’s high 
signal-to-noise ratio permits shooting during 
the usually windy mid-day hours when other 
systems cannot produce usable results. With 
frequency response down to one cycle on the 
amplifiers and to two cycles on the S-36 seis- 
mometers, the versatile VLF system is equally 
satisfactory for the most difficult petroleum 
exploration programs, mining surveys, and 
civil engineering projects. 

You can be sure of the best attainable 
refraction results with the compact and port- 
able 12-channel VLF system. Write for com- 
plete information — specify Bulletin S-308. 
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GEOGRAPH GOES GLOBAL 


McCollum Ray International, Incorporated is ready to serve your foreign 
seismic needs with GEOGRAPH, the newest exploration technique. A 
world-wide organization, McCollum Ray combines the weight dropping 
method with experience gained from geophysical operations in more than 
30 foreign areas. 


The GEOGRAPH, known for speed, safety and economy, provides 
accurate, comprehensive data while eliminating the need for shot holes, 
explosives and the extra equipment associated with conventional methods. 


Wherever you operate, GEOGRAPH can help you in the search for oil. 


LUM RAY INTERNATIONAL 


INCORPORATED 


P. O. Box 6557 Houston 5, Texas 
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and after 


Here are three excellent reasons why 
designers of precision geophysical 
instruments specify Triad transformers: 

1. Every coil on every Triad geophysical 
transformer is tested before impregnation. 
2. Tested again during assembly. 

3. Tested again after completion. Result: 
accuracy, reliability, and uniformity. 


In addition to the Triad geophysical 
transformers listed in our catalog 

(all especially designed to meet the 
unique and difficult conditions of 
geophysical prospecting) we will supply 
units tailored to your specifications — 

at reasonable cost and in reasonable time. 


A DIVISION OF LITTON INDUSTRIES (A 


TRIAD TRANSFORMER CORPORATION 


4055 REOWOOD AVE., VENICE, CALIFORNIA 
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Now, you have a choice of three world-famous 


Ti WORDEN GRAVITY METERS 


The MASTER retains the true portability and reliability for which the Worden 
Meter set a world precedent. However, the MASTER goes even further, having 
more demanding specifications plus a unique low-power temperature-stabilizing 
feature which together upgrade both the quantity and quality of gravity data. 
With the MASTER, in either severe or moderate temperature conditions, the 
absolute minimum number of base ties are required due to the positive linear 
drift, giving you a maximum production rate of the most accurate data at a 
reduced operating cost. The MASTER is truly the finest gravity meter avail- 
able . . . with or without the temperature stabilizer in operation. Both the 
MASTER and PROSPECTOR have a gearless top reading dial which gives 
greater operator convenience and minimizes human error. 


The PROSPECTOR has set reliability standards for gravity meters the world over. 
During the past ten years, over 450 of these gravity meters have been placed in 
use . . . this number exceeds the total of all other types combined. As with 
TI Worden Meters now in use, the PROSPECTOR will continue to provide 
exacting results in normal gravity programs. This is assured and even enhanced 
in that tighter manufacturing specifications have resulted in better temperature 
compensation and improved accuracy. 


The EDUCATOR is designed to meet the needs of educational institutions, company 
training programs and surveys allowing for wider tolerances. This meter con- 
tains many of the outstanding features that have established Worden superiority, 
yet fulfills an increasing need for a reliable meter in limited budget projects. 


Write today for complete information ... OTHER TI/GSiD PRODUCTS 
specify Bulletin G-205, 


Seismic Systems 
Measurement and 


INCORPORATE DO Accessories 
GEOSCIENCES AND INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEDWAY e HOUSTON, TEXAS @ CABLE: TEXINS 203 
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REASONS WHY YOU... 
get the MOST with a 
MAYHEW! 


~FINEST MANUFACTURING FACILITIES 


~FIELD-PROVEN, HIGHEST QUALITY EQUIPMENT 
Wm SALES-SERVICE OFFICES IN ALL ACTIVE AREAS 


These, plus many more, are the reasons why you get the 

most with a Mayhew. 33 years of experience and engi- 

neering know-how are your guarantee of the very finest 
in all Mayhew equipment. There is a Mayhew rig for every 
job .. from the small versatile Model 200 to the largest 

3000. Mayhew supply stores serve all oil areas with 

geophysical replacement parts and equipment, assuring 

continuous operation. 


HOME OFFICE MAYHEW SUPPLY CO., INC. 
4700 SCYENE ROAD DALLAS, TEXAS 
OAL AS 
SALES Casper, Wyoming @ Tulse, Okichoma @ Sidney, 
AND Montana @ Lubbock, Texas @ Grand Junction, 
Colorado @ Gallup, New Mexico @ Exploration 
SERVICE Equipment Co., Inc., Houston, Texas 
CANADA Seismic Service Supply, Ltd., Calgary and 
Edmonton, Alberta 
EXPORT IDECO — 


Headquarters: Dallas, Texas, P. 0. Box 1331 


SO REMEMBER, WHEREVER YOU GO, YOU GET THE MOST WITH A MAYHEW! 
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EXPLORATION COMPA 
DALLAS TEXAS: 
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THE ORIGINAL 


pioneers of 


Trademark 


Can be erected 
in 15 minutes! 


Model D-I-C $585 FOB plant 
Size 10’ x 10’ 
®@ Shipping case size— 
40” x 10’ x 1a 
@ Weight—550 Ibs, 
® Also available in size 
10’ x 20’, model 2D-1-C 


® Costs less than tents— 
let us prove it! 


Model K-10 


COMPARE 
COSTS! 


Write for free 
literature today. 


PORTA-KAMP 


Please mention 


field housing. 


$995 FOB plant 
Size 8’ x 10’ 


Fully insulated 
® Join several units together 
© Weight—950 Ibs. 


®@ Shipping case size— 
8’ x 10’ x 15” 


PORTA-KAMP 
now offers: 


®@ Custom designed buildings to your specifications, 
extra heavy duty, steel skid mounted, collapsible 
buildings. 

© Complete camp outfitting, including all miscel- 
laneous supplies, 


Export crating. 


MFG. CO., ING. ncuston’s, texas 
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Land (S-23) or Marsh (S-23M) ... 
Standard SIE high output geo- 
phones are fully guaranteed for 
two years! 


An ordinary geophone and a 25 
pound charge produced this rec- 
ord... NOW — the new SIE S-23 
double output geophone can pro- 
duce the same record with as 
little as 5 pounds*— save as LAND OR MARSH .. . HIGHEST SEN- 


much as 20 pounds of dynamite! 
SITIVITY OF ANY MINIATURE GEOPHONE 
An entirely new magnetic structure achieves 


*Based on the physical twice the sensitivity at no increase in weight and 
relationship that ampli- 

tude of earth movement a reduction in cost. Standard S-23’s have natural 
is proportional to the 

square root of the frequencies of 14, 18, 21, and 28 cps — other S-23’s with 
charge size. 


natural frequencies of 7 to 75 cps are also available. 


Remember that SIE offers complete cabling and stringing 


service. Write or call for more information. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
A DIVISION OF ORESSER INOUSTRIES, INC. 


10201 Westheimer @ P. O. Box 22187 @ Houston 27, Texas © HOmstead 5-3471 
CABLE: SIECO HOUSTON TWX: HO-1185 


UNITED KINGDOM CANADA EUROPE ‘ Ms 
isi f Great Britain) Ltd. South Industrial El ics (Canada) Limited SIE Division of Dresser AG 
Phone: Knightsbridge 7681. Telex: 238 68 Phone inv 0964, 3-6922 


v 
REA @ 
4 
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Visit Our Geophysical Service Center 
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magnetic 
seismic recorder 


eeeeeeee 


@ 30-track magnetic-tape recording 
system: 24 seismic plus 6 auxiliary channels 


@ High sensitivity (1 microvolt) and 
wide response range (1 to 220 cps) permit both 
reflection and refraction methods of operation 


@ Features unique gain control system: 

a) programmed gain control of the 24 seismic 
amplifiers by photographic film scanned 

by 2 photocells 

b) individual A.G.C. for each seismic amplifier 


@ Self-contained portable field outfit 
conveniently unitized in 6 all-weather sealed 
carrier cases 


@ Field monitoring with track-mixing 
facilities (2 or 3 tracks at atime) and 
continuously adjustable weighing control 


licence Institut Fra ngais 


296, Avenue Napoleon 
ne 
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(Continued from page 53) 


Signal attenuation due to the 50 micro- 
inch protective layer on sandwich tape 
does not significantly alter the tape’s per- 
formance. Virtually identical playback 
wave patterns in these photographs of os- 
cilloscope wave forms indicate both sand- 
wich (bottom) and standard (open oxide) 
tapes are identical from a magnetic-electri- 
re standpoint. There is no loss in pulse 
resolution up to 500 pulses per inch. 


TRANSISTORIZED CONVERTERS 


Designated the TS Series, these transis- 
torized DC-DC converters will supply a 
continuous output of 200 watts. The com- 

act, ruggedized fin-case design provides a 
high heat dissipation to size ratio, with a 
resulting efficiency of better than 85%. In- 


advertent reversal of input polarity or a 
short across output will not damage the 
units. These units are ideal replacements 
for the troublesome dynamotor and vibra- 
tor-type power supplies. TS models are 
available in any input voltage from 6 vdc 
to 110 vdc, and with a wide range of cus- 
tomer-specified output voltages. 

Electrodynamic Instrument Corpora- 
tion, 2508 Tangley Road, Houston 5, 
Texas. 


PORTABLE ENGINE GENERATOR 


“More power per pound and easily port- 
able”, is the way Mr. R. F. Weinig, Vice- 
President of Wincharger Corporation, 


Sioux City 2, Iowa, described the new 
Winco Lite portable engine generator. 
This compact portable power plant is rated 
at 2500-watts but develops up to 3000-watts 
A.C, Intermittent Power, yet weighs only 


123 pounds with carrying handle. The 
Briggs & Stratton 4-cycle aluminum engine 
has service facilities nationwide. 

The Winco Lite offers the many advan- 
tages of its exclusive AUTOMATIC CON- 


SERV-er Idling Control, and FULL 
POWER at either voltage from one outlet, 
115 V or 230 V. The control box contains 
one 15 ampere duplex receptacle and one 
20 ampere 3-wire Twist-Lock receptacle, 
and one 20 ampere 2-wire Twist-Lock re- 
ceptacle. Regularly equipped with Safe-T 
carrying handle as illustrated, the Winco 
Lite is also available with stationary base, 
a Speedy Shift 2-wheel dolly, or carrying 
cradle. 

Wincharger Corporation, a subsidiary of 
Zenith Radio Corporation, manufactures a 
complete line of engine generators and 
tractor generators from 300 to 10,000 watts 
capacity for portable and standby power. 


SA-100-1 
SEISMIC AMPLIFIER 


The SA-100-1 meets the requirements of 
present day geophysical exploration; its 
output, with filters out, is an exact ampli- 
fied duplicate of the geophone signal. This 
seemingly simple function is made avail- 
able to the industry, for the first time, in 
the SA-100-1, 


(Continued on page 74) 
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IN YOUR OLDER GEOPHYSICAL FILES! 


As subsurface knowledge increases, 

As geological concepts are expanded and changed, 

As geophysical analysis is sharpened, 

Reviews of older surveys become increasingly productive. 


How long since you last reviewed that magnetometer, gravimeter 
or even torsion balance survey of a presently active or potentially active 
area? 


Have you applied our second derivative contour method to all of 
your old torsion balance data with suitable control? Are you taking full 
advantage of the information on sub-unconformity structure and strati- 
graphy contained in your gravimeter and magnetometer, surveys? Geo- 
physical machines are faithful, patient servants, which perceive and record 
things far beyond the capacity of the limited human senses, but they cannot 
interpret these findings. Interpretations must come from the disciplined 
imagination and knowledge of the experienced geophysicist. 


Get maximum value from your exploration dollar by systematic, 
low cost, reviews of the expensive field data peacefully napping in your 
files. 


lays EXPLORATION CO. 
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FORTUNE. 
ELECTRONICS’ 


Fortune Electronics’ new dynamic correction record-playback unit makes 

it possible for you to obtain accurate, corrected playbacks in the office or on 
location with a minimum initial investment. The compact DC-2 handles 

any shot spread configuration. Spread length adjustments are calibrated directly 
in feet. The unit accommodates standard six and one-half or seven inch 

tapes. Weighing only 82 pounds, the DC-2 is easy to handle— 

requires minimum space. 


SPECIFICATIONS For complete details on the all new 


Physical Characteristics DC-2 write or call: 
Maximum Dynamic Correction..150 ms 
Static Correction ............0..00... +50 ms 
i 400 cycle Hysteresis 
Motor Gear Coupled to 
Drum 
15x 18x 14 inches 
82 pounds 
26 or 28 


Electrical Characteristics 


Power Requirements 8 amperes @ 12 volts 
Signal/Noise Ratio 50 db RMS to RMS 


Timing Accuracy........................ +1 ms 
Total Harmonic Distortion 242% @ 100% 
Record Level 


Crossfeed —37db @ 10 cycles “SOUTH BOULEVARD, HOUSTON 
resented in Dallas, Texas and 


See Fortune's complete line of Geophysical Instruments on display in 
Booth 63, SEG Convention, November 9-I2th, Los Angeles, California. 


office and field use 
. 
ide 
5, 
: 
homa by Indel Supply Company | 


Controlled 
Recording Supplies 


The | S\IE | on every package /s your guarantee... 


Your guarantee of fresh-from-the-factory recording supplies shipped in a 
matter of minutes — backed by a specialized quality control team that has 
been serving you for over 15 years! 


Using SIE recording supplies, Every Shot Counts, because: 
e@ Tapes are de-magnetized and electronically checked. 
e Each tape individually packed and serialized. 
© Precision ruled recording charts are guaranteed accurate to thousandths. 


© Photographic paper and film are specially packaged to geophysical require- | 
ments, and guaranteed fresh. i 

e At $500 or more per shot, you can’t take chances to save pennies. You can 
afford only the best — SIE. 


Call SIE— and make Every Shot Count! 


Call Eddie Nix anytime, HOmestead 5-3471 Houston (days), MOhawk 4-3765 (nights) 
Overseas, cable SIECO, Houston. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
A DIVISION OF DRESSER INDUSTRIES, INC. 


10201 Westheimer P. Box 22187 Houston 27, Texas HO mestead 5-347) 
CABLE : SIECO HOUSTON TWX: HO-1185 


MEXICO CANADA EUROPE 

SIE Mexico South Industrial Eh ics (Canada) Limited = Division of Dresser AG 

Edison 40-1 5513 Third Street S. E., Calgary, a. Canada Muhlebachstrasse 43, Zurich, Switze. land 
Phone: 21-5787 Phone: Chestnut 3-0152, 3-0937, 3-0964, 3-6922 Telephone: 32 84 87/89 + Telex: 52683 


Cables: Dresserzur Zurich 
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‘long and short term corftracts 


C. N. PAGE A. E. “SANDY” McKAY C. J. LOMAX 


Central Office 
Continental Life Bidg. 
Fort Worth, Texas 


WEST TEXAS MID-CONTINENT =ROCKY MTS. 
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DO YOU HAVE YOUR COPY? 


Order now 


from 


SOCIETY OF EXPLORATION GEOPHYSICISTS 
P.O. Box 1536 Tulsa 1, Okla. 


See Page 17 for Prices 
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NEWER 


G@EXPLORER: 


OBING 
SPAKE”! FIRST ALL-TRANSISTORIZED 
4-TRACE 
SEISMOGRAPH SYSTEM 


CUT EXPLORATION COSTS... 
SAVE 50% to 80% IN POWER, WEIGHT, SIZE 


Texas Instruments Incorporated has developed 
a completely new, high-performance seismo- 
graph around the functional magic of transistors. 


YOU SAVE ON PORTAGE AND TRANS- 
PORTATION .. . For the first time, a 24- 
channel seismograph, complete with control and 
test circuitry, is contained in a compact, one- 
man portable case 18” x 26”x8” weighing 
only 57 pounds. Other systems require from 
three to six cases for components performing 
the same functions. Also, the entire seismograph 
system, with camera and magnetic recorder 
(TECHNO’s new all-transistorized magnetic 
recorder is a highly compatible system with the 
EXPLORER) may be mounted in one Jeep or 
transported in one helicopter trip. 


YOU SAVE ON POWER... the EXPLORER 
requires only one 12-volt battery and consumes 
nine amperes (normally only six amperes after 


Write for complete EXPLORER information . . 


specify Bulletin $-324, 


TEXAS INSTRUMENTS 


INCORPORATED 
GEOSCIENCES AND INSTRUMENTATION DIVISION 


® 3609 Buffalo Speedway - Houston, Texas - Cable: TEXINS 


first breaks) . . . no warmup time is required. 
This is better than a five-to-one power savings 
over other present seismographs. 


YOU SAVE ON MAINTENANCE . . . after 
initial system checks, 80 per cent of all amplifier 
difficulties are attributable to vacuum tubes. 
Transistors used in the EXPLORER, for practi- 
cal purposes, have infinite life. 


Furthermore, the EXPLORER offers a wide 
practical frequency range, 5 to 200 cps; broad 
dynamic range; and wide operational latitude 
in AGC speeds, initial suppression, filtering, 
inputs, outputs, and test circuitry. 


The EXPLORER is literally jumps ahead- of 
the exploration industry . . . it pays for 
itself in REDUCED OPERATING COSTS, 
INCREASED PRODUCTION, and UN- 
EQUALLED RELIABILITY. 


Other TI/GSID Products 


@ Complete Seismic Instrumentation 
@ TI Worden Gravity Meters 

@ Measurement and Control 
@ ‘‘recti/riter’’ ind A 

@ Automatic Test 

Mo handles export sales and servi 
for TECHNO transistorized recorder) 


202 
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Low Cost 
Seismic Sections 
the following 
morning with... 


VARIABLE INTENSITY PLOTTER 


VIP’s speed, low initial cost and lowest 
processing cost per profile, make it ideally 
suited for day-to-day processing of seismic 
data in the field office. It is easily trans- 
ported from prospect to prospect, and, of 
most importance, V/P is compatible and 
operative with all makes of amplifier and 
magnetic transducer systems. 


This first ALL-ELECTRONIC system 
devised for variable density presentations 
rapidly corrects for time or depth and com- 
presses wide areas of seismic data into 
section form. The V/P cross section closely 
approaches a geologic section and is easily 
comprehended. 


Operating directly from any magnetic 
record, the VIP processes 24 channels at 
one time (or sequentially) over full record 
length — corrections may be viewed as ap- 
plied — maintains timing accuracy of + one 
millisecond. For complete information on 


the field-proved V/P, write for Bulletin mailing and storage odvantages . . . may be slide- 


TEXAS INSTRUMENTS 


INCORPORATED 


GEOSCIENCES AND INSTRUMENTATION DIVISION 


*Trademark of 


3609 BUFFALO SPEEDWAY e HOUSTON, TEXAS CABLE: TEXINS 
Texas Instruments Incorporated 7 
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MAKE A STRIKE 


WITH 


With the proven, accurate, dependable interpretations of our 


GRAVITY SURVEYS 


you are more apt to make a strike. Get the benefits of prompt, 
precise geophysical service through the application of our latest 
proven scientific methods. 


E. V. McCOLLUM CRAIG FERRIS 
515 Thompson Bldg. Ph. LUther 2-3149 
TULSA, OKLAHOMA 


Foreign Affiliate: NAMCO International 
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(Continued from page 64) 


Well known amplifier circuitry is com- 
bined with unequalled attention to detail; 
the result being a vastly superior product 
built on sound principles. No other com- 
mercial amplifier has attained the fidelity 
and perfection of the SA-100-1. 

Inherently low noise level and high gain 
make possible the utilization of signals as 
low as ONE MICROVOLT. This favor- 
able low level capability is combined with 
large dynamic range in the amplifier, so 
that signal levels up to ONE VOLT do not 
cause clipping or blocking. 

A twenty-four trace bank of SA-100-1’s is 
normally operated with a control and mas- 
ter unit which combines test facilities and 
master controls for the entire seismograph 
system. Any desired interlocking or auto- 
matic (event sequence) control may be ap- 
plied through this same unit. 

Electro-Technical Labs., P.O. Box 13243, 
Houston, Texas. 


MINIATURIZED TESTER 


McLean Development Laboratories, Inc. 
of 230 Park Avenue, New York City, an- 
nounces production of a device no larger 
than a pack of cigarettes which provides a 
safe, simple means of testing bridge-wire 


Please mention GropHysics when answering advertisers 


fuses and explosive circuits without actu- 
ating or firing the explosives during the 
test. Examples of its uses are the check-out 
of ejector circuits, circuit continuity check 
in guided missiles with explosives installed, 
checking fuses in bombs or guided missiles, 
checking remote control detonators and 
aircraft seat ejectors. 


The McLean meter is designed for use 
either in the laboratory or field. It needs 
no batteries as it derives its power from 
light, even the small amount from a match 
or cigarette lighter being sufficient to ac- 
tivate the instrument. 

The McLean tester utilizes a photovol- 
taic cell or radio-active material as a source 
for the minute amount of electrical energy 
required. 


MICRO-MINIATURE CIRCUITS 


Melpar, Inc., a subsidiary of Westing- 
house Air Brake Co., and a leader in the 
development of electronic equipment for 
the U. S. Government, recently announced 
that a special research program for the de- 
velopment of micro-miniature circuits 
which was begun last September has 
achieved success with the production of a 
new (15-in-1) micro-miniaturized electronic 
circuit. 


(Continued on page 82) 
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newest instruments. 
Enterprise 3304. 
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MISSION 
RECIPROCATING 
FLUID END 


PUMP PARTS MISSION 


HA,AERDRIL 


The Hammerdril® is the 
economical answer to 
high speed drilling in 
hard rock. There are only 
two moving parts in the 
high pressure tool, and 
only three moving parts 


Super-Service® in the low pressure tool. 
Valves 


When used together the 
savings effected by Mission 
Pump Parts pyramid, and 
downtime is drastically re- 
duced. Here’s why: each of 
the Mission parts is the best 
of its kind that can be made. 
Mission engineering, quality 
control, and experience in 
pumping drilling fluids have 


This pneumatic, bottom 
seen to that. Mission valves P . 


hole, impact tool is 


and seats, liners, pistons and ; 
sade. ont capable of high rates of 
, penetration even in 
springs work together to 
granite. The Mission 


cut your costs, cut your 
Hammerbit“has massive 
downtime. 

tungsten carbide inserts 
which can be re-sharp- 
ened in ‘the field for 


maximum economy. 


Silver Top® 
Mission Piston Rods Valves 


Mission Liners Mission Pistons 


MISSION CENTRIFUGAL PUMP 


The Mission Concentric Casing with streamlined flow 
has no restriction at the conventional cut water to im- 
pair flow. Conventional casing makes for turbulent flow. 
Mission Concentric Casing affords streamlined flow, 
minimizes wear, maintains rated output longer. Mission 
Centrifugal Pumps offer long life, easy maintenance, 
and trouble-free operation. 


See these Mission products at the Society of Exploration Geophysicists Convention 
November 9-15, at the Biltmore Hotel, Los Angeles, California, Booths 56 and 57. 


MLS Sia 


MANUFACTURING CO 


MANUFACTURING CO., P. Box 4209, Houston, Texas Cable Address—‘‘Missco’ Export Office: 
30 Rockefeller Plaza, New York © In The United Kingdom: MISSION MANUFACTURING CO., LTD., 17 Hanover Square, 
London W. 1 England © Cable Addrest—"Missoman”™ 


Pistons Piston Rods Slips Packings Liners Liner Pump Valves and Seats Swabs 
Valves © Hammerdrils ¢ Centrifugal 
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EXPERIENCE and 
RESEARCH by 
BIBLE GEOPHYSICAL COMPANY 


Personnel .. . 


has been vital in advancing 
the art from the pendulum 
and torsion balance to the 
present instrumentation and 
interpretation, leading to 
greater economy, improved 
accuracy, proper reductions 
for all topographic conditions, 
and interpreted for direct cor- 
relation with subsurface con- 
ditions by preparation of 
density logs and differential 
residual calculations. 


Gravity and magnetic surveys 
and interpretations of any 
area. 


GEOPHYSICAL CO., INC. 


JOHN L. BIBLE, President 


Phone CApitol 2-6266 
1045 Esperson Building 
Houston 2, Texas 
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NEW FROM SIE 


Hi Fidelity 
Low Distortion bg | 


PORTABLE FM 
MAGNETIC 
RECORDING SYSTEM 


Future methods demand Hi Fidelity Full Spectrum FM Magnetic Recordings ! 


With the recent miniaturization of FM modules, more 
Geophysicists now specify the full spectrum SIE FM 
Recording System  “RecorData”— the only Jow power- 
drain all-purpose system for refraction, conventional and 
high-resolution seismic recording. 

In addition to the latest advancement in portability, the 
new “RecorData” (PMR-20) gives you: 


© System performance not dependent on tape quality. 
@ No modulation noise. 

© Wide frequency response (1 to 500 cps). 

© Negligible phase shift from 5 to 500 cps. 

© A complete recorder in two packages. 


Write for free brochure. 
SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 


A DIVISION OF DRESSER INDUSTRIES, INC. 
10201 Westheimer + P. 0. Box 22187 * Houston 27, Texas * HO mestead 5-3471 
CABLE : SIECO HOUSTON TWX: HO-1185 


TRANSISTORIZED 
MINIATURE MODULES 


MEXICO CANADA EUROPE 
South Industrial Ek ics (Canada) Limited SIE Division of Dresser AG 
5513 Third Street S. E., Ci , Alberta, Conada Muh 
Phone: Chestnut 3-0152, 3 , 3-0964, 3.6922 


‘bles: Dresserzur Zurich 
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Sound that the eye can see 


This is the Schlumberger Sonic Log—a visual record 
of sound velocities. Here is a whole new system of log- 
ging—the measurement of a formation property com- 
pletely distinct from its electrical or radioactive charac- 
teristics. 

The Sonic Log is rapidly taking its place in the search 
for oil with other Schlumberger logging methods. See 
how it may help you on your next well. 


The Sonic Log provides: @ Accurate porosity values 
in medium to hard formations. @ Excellent correlation 
from exacting detail due to its closely spaced detectors. 
@ Clear indications of geological changes not apparent 
on other logs. @ Differentiation between water, oil and 
gas in high porosity formations. @ Data for better inter- 
pretation of seismic diagrams. 


For better interpretation of seismic surveys, look into the Schlumberger Seismic Reference Service. By contractual 


arrangement with the widely experienced Century core Corporation the Sonic Log is augmented with surface 


tie-in and well geophone shots to provide a complete package velocity service. 


THE EYES AND EARS OF THE OJL INDUSTRY 
SCHLUMBERGER 


IN COOPERATION WITH 


entury Geophysical 2. orporation Ade, thru courtesy of Schlumberger 
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Refraction a problem P 


Geoprosco offers a comprehensive service in 
® Seismic surveys (including playback) 

® Gravity surveys 

® Shothole and structure drilling 

® Mining geophysical exploration 


GEOPROSCO 


A MEMBER OF THE CEMENTATION GROUP 
HEAD OFFICE : 20 ALBERT EMBANKMENT « LONDON - ENGLAND 
Paris Madrid - Lishon - Casablanca Tripoli (Libya) Calgary «Toronto: Riode Janeiro 


ASSOCIATED WITH CANADIAN AERO SERVICES LIMITED 
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. . . to locate your next well and 
give you an accurate picture of 
oil-producing possibilities. 


For positive results and high 
production, you can depend 
on Tidelands’ experienced 
crews. 


A COMPLETE 
GEOPHYSICAL SERVICE 


GEOPHYSICAL CO. 
OVERSEAS, INC. 
~ 


9233 WESTHEIMER ROA HOUSTON 27, TEXAS 
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(Continued from page 74) 


During the initial phase of the Melpar 
research project, a Chem. Lab. team di- 
rected by Physicist Stanley Bryla rede- 
signed and built a workable miniature 
model of a standard computer circuit, a 
binary flip-flop. 


This new micro-miniature circuit de- 
veloped by Melpar, is so small that it can 
be hidden under a five cent coin, despite 
the fact that it contains 15 electronic com- 
ponents including: transistors, capacitors, 
diodes and resistors mounted on a ceramic 
base .625 inches square and .020 inches 
thick. It is considered potentially more re- 
liable than its larger counterpart due to 
fewer connections, which reduce the pos- 
sibility of failure. 

The first Melpar micro-miniature circuit 
was built completely by hand with the aid 
of a microscope. Since then a micro-man- 
ipulator has been introduced to aid the 
precision positioning of the minute com- 
ponents which are part of these micro- 
miniature circuits, 


Melpar, Inc., Falls Church, Virginia. 


AUDIO RESPONSE PLOTTER 


SIE (Southwestern Industrial Electronics 
Co.), a division of Dresser Industries, Inc., 
announces the introduction of its new 
model ARP-2 Audio Response Plotter. The 
new ARP-2 provides permanent, pen-writ- 
ten frequency response curves of any audio 
range equipment quickly, easily and eco- 
nomically. 


The ARP-2 not only eliminates costly 
hand-plotting methods, but will plot curves 
far too complex to be drawn by hand— 
such as the response of a loudspeaker in a 


live room. Other uses for the ARP-2 in- 
clude operating it as a motor-driven audio 
oscillator and for plotting vibration curves 
of equipment tested on a shaking table. 
Circuitry is now included to allow the 
ARP-2 to be used as a 0 to 1 vde recording 
voltmeter. The front panel is now slotted 
to permit the ARP-2 to be rack-mounted. 
Input to the system under test is sup- 
plied by a continuous, —single-sweep 
20-20,000 cps audio oscillator in the 
ARP-2. As the oscillator sweeps its range, 
output signals from the test system are 
either fed directly to the Plotter or picked 
up by an optional condenser microphone. 
Records are plotted automatically on a 
40 db-range logarithmic chart by a high- 
torque, servo-controlled, dry writing, pen 
recorder. The oscillator is directly con- 
nected to the recording drum to permit 
tracing, re-tracing or multiple recording of 
any portion of the curve, automatically or 
manually. A special input attenuator net- 
work enables the instrument to accept volt- 
ages up to 10 volts maximum, while input 
sensitivity is such that 40 db down from 
10 mv yields quality records. 
Southwestern Industrial Electronics Co., 
10201 Westheimer Rd., Houston 19, Texas. 


(Continued on page 90) 
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a seismic crew 
is only as goodas 
its personnel 


MEET 
DEXTER 
WRIGHT 


(an oil finder) 


One of many 
able Petty 
Party Chiefs 


With more than 26 
years of continuous 
service and experi- 
ence with Petty, 
Dexter Wright per- 
sonifies the fact that 
you can depend on 
reliable, experienced 
crews from Petty. 


GEOPHYSICAL 
ENGINEERING CO. 


TRANSIT TOWER SAN ANTONIO CApitol 6-1393 


Foreign Experience Since 1927 
ALWAYS STRIVING TO BE ‘BETTER THAN” 
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Focused Logging 
... by Schlumberger 
meets the 
challenge for 
greater efficiency 


in oil finding 


GEOPHYSICS, OCTOBER, 1959 


Schlumberger Focused Logging directs measurements into 
specific volumes of formation, giving you: 


e More reliable identification of porosity and saturation. 


© Cost saving by reducing need for other evaluation 
methods. 

A decade of research at Schlumberger has produced five 
Focused Logging Methods. Each, fitted to the right bore- 
hole and formation conditions, becomes part of a true 
oil-finding technique. Your Schlumberger engineer is 
trained and qualified to recommend the proper logging 
program for your well. 


The artist's concept of the patterns of Schlumberger Focused Logging is represented 
by sharply sculptured sections lifted from the formations surrounding the borehole. 
(1) Sonic Log (2) Proximity Log (3) Laterolog (4) Microlaterolog (5) Inauction Log 


TOE EVES OF FRE SHE INDUSTRY 


SCHLUMBERGER 


Please mention GEopHysics when answering advertisers 


85 
— 
7. 
ole 
4 3 
: 
a 
| 
ine t 


1289-2 4INOHd 


peaoidwy ‘M2N ano yyim ADp 
: aed sdoup asow Aunw Aq 


<4 


GEOPHYSICS, OCTOBER, 1959 85 


Focused Logging 


... by Schlumberger 


Schlumberger Focused Logging directs measurements into 
specific volumes of formation, giving you: 


e More reliable identification of porosity and saturation. 


© Cost saving by reducing need for other evaluation 
methods. 

A decade of research at Schlumberger has produced five 
Focused Logging Methods. Each, fitted to the right bore- 
in oil finding hole and formation conditions, becomes part of a true 
oil-finding technique. Your Schlumberger engineer is 
trained and qualified to recommend the proper logging 
program for your well. 


meets the 
challenge for 


greater efficiency 


The artist's concept of the patterns of Schiumberger Focused Logging is represented 
by sharply sculptured sections lifted from the formations surrounding the borehole. 
(1) Sonic Log (2) Proximity Log (3) Laterolog (4) Microlaterolog (5) Inauction Log 


THE EYES OF THE O1L INDUSTRY® 


SCHLUMBERGER 
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Type Gf6 
after Schmidt 


Field proven for decades 
In actual use throughout the 


world 

Reading accuracy: up to 
] gamma 

Direct measuring range: 1200 
gamma 


Magnet Systems for vertical and 
horizontal components 

Also suitable for recording of the 

magnetic variations 


Type Gfz 


for measuring the vertical 
component 

Easy to operate and time saving 

only 40 sec. per measuring station 

Reading accuracy: better than 2 
gamma 

Direct measuring range: 65000 gamma 


Ask for detailed information for these 
and other geophysical instruments of 
our extensive manufacturing program 


ASK ANIA-WERKE AG.- BERLIN-FRIEDENAU 


U. S. Branch Office & Service Dept. 4913 Cordell Ave., Bethesda, Md. 
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fercules’ continuous program of research and de- 
relopment has provided a new Vibrocap SR. This 
1ew Vibrocap SR gives seismic blasting crews an im- 
yroved electric blasting cap for land, marsh, and 
ffshore exploration. The new cap features: 

mproved .. . Series firing for pattern shooting 
vith faster, more uniform firing at lower current 
vith high voltage blasters. ) 
mproved . .. Regularity of firing at both high and 
ow currents. 


The NEW 
for PATTERN SHOOTING 


Explosives Department - 900 Market St., Wilmington 99, Del. 
Birmingham, Ala.; Chicago, II.; Duluth, Minn.; Hazleton, Pa.; Joplin, Mo.; Los Angeles, 


Improved . . . High resistance to accidental dis- 
charge by static electricity, stray currents, and radio 
frequency energy. 

Improved . . . High water resistance. 

Vibrocap SR is available with plastic-insulated 
kirked wires in regular packages, or on spools packed 
in cartons having convenient carrying handles. 

Our sales engineers welcome the opportunity to 
tell you more about Vibrocap SR and to consult with 
you on blasting procedures. 


HERCULES POWDER COMPANY 


INCORPORATED 


XR57-2 


saa Calif.; New York, N. Y.; Pittsburgh, Pa.; Salt Lake City, Utah; San Francisco, Calif. 


GEOPHYSICS, OCTOBER, 1959 


BETTER 
SEISMOGRAPH 
SERVICE 


TEXAS sEISMOGRAPH CO.,INC. 


1502 EIGHTH WICHITA FALLS, TEXAS 


Review of Scientific Instruments 


Since 1923, the leading publication in the field of scientific instrumentation. 
Over 1,000 pages annually of the latest original research material on new 
instruments for measurement and control. Written and edited by experts, 
the “Review” is the most widely quoted and referenced publication in its 
field. Indexed annually by subject. Circuits, computers, counters, electrical 
measurement, laboratory techniques, mechanics, microwaves, nuclear ma- 
chines, vacuum techniques, X-Ray diffraction, many others. Over 88 sub- 
jects covered. Annually, 12 issues, $11.00. Single copy, $1.50. 


AMERICAN INSTITUTE OF PHYSICS 
335 East 45 Street New York 17, N.Y. 
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An easily read, clearly illustrated text on 


Modern Geophysical Techniques 


EXPLORATION GEOPHYSICS 


by J. J. Jakosky, Se. D. 


In more than 1200 pages and 
with 715 illustrations, the 1957 
revised printing of Exploration 
Geophysics covers the entire field 
of exploration by modern geo- 
physical methods. It is concisely 
and clearly written by an inter- 
nationally known geophysicist, in 
close collaboration with 39 other 
leading authorities. 


i 


Thirteen fact-packed chapters 
fully cover all contemporary 
methods; plus permit, trespass 
and insurance problems. A basic 
textbook for every geologist, 
geophysicist, engineer and phys- 
icist concerned with exploration, 
well logging and production. 
Adopted by many leading uni- 
versities, 


i 
Send your money order or check for $12.50 for a copy of Exploration Geophysics on ' 
5-day approval. If you are not fully satisfied, merely return the book in its original : 
condition and your money will be promptly refunded. 1 

TRIJA PUBLISHING COMPANY, 2500 W. COAST HIGHWAY, NEWPORT BEACH, CALIFORNIA : 


ANNOTATED BIBLIOGRAPHIES 
OF ECONOMIC GEOLOGY 


Available—Vols. I-XXX (1928-57) 
Vol. XXXI (1958) in preparation 


Price $6.00 per volume anywhere in the world 
General Index to Vols. I-XXV in preparation 
ECONOMIC GEOLOGY JOURNAL INDEX 


TO VOLS. I-L 
Index to Vols. I-XX (1906-26) ............- $3.00 
Index to Vols. XXI-XXX (1927-1935) ...... 2.00 
Index to Vols. XXXI-XL (1936-1945) ...... 2.00 


Fiftieth Anniversary Economic Geology 
1905-1955 (in two parts) 
Price to Subscribers of Economic Geology 
(including members, and_ students 
whether subscribers or not) 


Price to Non-Subscribers to Economic 
Geology 


Order from: 


Economic Geology Publishing Company 
105 Natural Resources Bldg. 
Urbana, Illinois 


In ONE book— 


a complete summary of the signifi- 
cant facts and ideas concerning the 
chemistry of the earth 


PRINCIPLES 
of 
GEOCHEMISTRY 


Second Edition 


By BRIAN MASON, The American Museum 
of Natural History and Columbia University. 
This book provides a coherent account of 
the physical and chemical evolution of our 
planet. It begins by describing the develop- 
ment and scope of geochemistry, and then 
goes on to deal with the earth as a planet, its 
relationship to the solar system and to the 
universe, its internal composition, the abun- 
dance and distribution of the elements, and 
the theories about the earth's pregeological 
history. 1958. 310 pages. $8.50 


For Sale by 


Society of Exploration 
Geophysicists 
Box 1536, Tulsa 1, Oklahoma 
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(Continued from page 82) 


VIBRATION METER 


SIE (Southwestern Industrial Electron- 
ics Co.), a Division of Dresser Industries, 
Inc., Box 13058, Houston, Texas, an- 
nounces the introduction of its new model 
T-1A Vibration Meter. The T-1A is a 
completely portable, battery powered, 
transistorized unit furnishing direct read- 
ings of the velocity, displacement ampli- 
tude and acceleration components of vi- 
bration, and, from a simple computation, 
its frequency. The T-1A has range and 
accuracy previously associated only with 
laboratory-type instruments. 


The T-1A can accept up to six simul- 
taneous transducer outputs—three for 
velocity-type pickups, three for crystal 
accelerometers—one output at a time be- 
ing selected as desired. From the “Func- 
tion” switch, it provides readings of up 
to 1000 g acceleration, 0.01-100 in./sec. 
velocity and 0.001-10 in. displacement at 
better than 5% overall accuracy. Plug-in, 
high-pass filters may be switched in to 
remove frequencies below 10, 15, 30, 70, 
110, 150 and 200 cps. Output jacks on the 
T-1A permit it to be used with an oscil- 
loscope or recorder for recording and 
monitoring vibration waveforms. The 
T-1A continues to feature the human- 
engineered appearance and _ functional 
ease of use pioneered by SIE in its Ad- 
vanced Design Instrument line. 


SOUTHWESTERN INDUSTRIAL 
ELECTRONICS CO. 


EPOXIDE BOBBINS 


Thor Ceramics, Inc., of Bloomfield, 
N.J., announces a new series of winding 
forms and bobbins of epoxide resin es- 


pecially developed for hermetically seal- 
ing wire-wound resistors. 

By heat sealing the shell to the bobbin, 
the resistor is enclosed in a homogeneous 
epoxide resin container that is not af- 
fected by extremes in humidity, altitude, 
and other corrosive factors. The thermo- 
setting resin has excellent physical and 
electrical characteristics, high tensile 
strength, low water absorption, a dielec- 


tric constant of 3.70 at 60 cycles, and a 
low loss factor of 0.009 at 60 cycles. They 
operate at a maximum temperature of 


150°C. Leads may be specified and colors 
for identification may be ordered. Diame- 
ters range from 1g” up and heights from 
up. 

Because of the low cost tool set up, 
small quantities can be easily manufac- 
tured. 


BLADE BIT 


The J. T. Williams Company, Ton- 
kawa, Oklahoma, announces their new 
hard formation Type WC Carbide Insert 
Replaceable Blade Bit. This bit is pre- 
cision machined of forged alloy steel and 


heat treated in the latest type furnaces. 
Available in 374”, 414", 434” and 55,” 
for shale, medium and hard formations. 
Also available in all drill pipe connec- 
tions. J. T. Williams Company, Tonkawa, 
Oklahoma. 
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GEOPHYSICAL COMPANY 


AND ITS AFFILIATES 
Principal Office: 523 WEST SIXTH STREET + LOS ANGELES 14. CALIFORNIA 


AFFILIATE AND REGIONAL OFFICES THROUGHOUT THE WORLD 
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BIG LAKE, TEXAS HASKELL, TEXAS 


BERT & RALPH DUESING 


“Selling Atlas Explosives” 


NEW 
Geology Books 
FROM HARPER 


STRUCTURAL METHODS FOR THE 
EXPLORATION GEOLOGIST 


by Peter C. Badgley, Colorado School of Mines 


Covers almost every structural method currently in use by exploration 
geologists and brings together in one volume tables, nomographs, 
maps, and other tools previously unobtainable in a single source. 
Emphasizes the need to select that method or interpretation most in 
accord with local conditions. Extensive use of actual field examples; 
full bibliographies. 


Due September 15. $7.50 


THE STUDY OF ROCKS IN THIN SECTION 


by W. W. Moorhouse, University of Toronto 


A petrography manual for students and practicing geologists, which 
combines a summary of the methods of optical mineralogy, descrip- 
tions of the common rock-forming minerals, determinative tables, and 
rock descriptions. Unique sections on alteration, economic geology, 
and petrography of ores. 


Just published. $8.00 


Postpaid in U.S.A. . . . No Handling charges 50¢ foreign 
when purchased from: SOCIETY OF EXPLORATION postage 
GEOPHYSICISTS, P.O. Box 1536, Tulsa 1, Okla. 
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COMPETENCE... based on twenty-seven years 
of professional service. 


EISMIC 


XPLORATIONS 


SEI OFFERS . . . a group of experienced personnel—operational and staff. 
Equipment and technical standards controlled by our own laboratory. 


Leaders in modern methods of acquisition of seismic data and its 
interpretation in terms of geologic structure. 


SEISMIC EXPLORATIONS, INCORPORATED 
HOUSTON, TEXAS 


Midland Shreveport Billings 


Foreign Affiliate: Compagnie Reynolds de Geophysique, 
9 Rue du Marquis de Coriolis, Paris, France 
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N O Hale Instruments introduces 
single-revolution transcription with 
the Ava 


see this new system in 
operation at the SEG Show 
Los Angeles, Nov. 9-12 


The standard magnetic media transcribing system for the past 
several years, the OMNITAPE now is manufactured with dual head 
bank assembly, to provide true single-revolution transcription. 

While the standard OMNITAPE unit is a single-head, sequen- 
tially operating device, the new assembly provides single-revolution 
transcriptions, increasing the system’s production capacity by 
about ten to one. 

The OMNITAPE places virtually every available tape system in 
your processing office, and the OMNITAPE with the dual head bank 
assembly increases your transcribing rate tenfold. 


BRING YOUR RECORDS — AND SEE FOR YOURSELF 


Bring as many as five of your own records to the SEG Show, and 
Hale will transcribe them for you on the new, improved OMNITAPE 
(no obligation, of course). You may then take these transcriptions 
back to your home office for evaluation at your leisure. Prove for 
yourself what the new OMNITAPE can do. 

The particular OMNITAPE which will be introduced at the SEG 
Show transcribes from any Techno-type system (AM) to the SIE AM 
tape configuration. Any combination, of course, can be built into 
the OMNITAPE. 
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the Pen Monitor 
Assembly 
for the standard 
MNI TAPE 


The new Hale Pen Monitor Assembly 
for the standard OMNITAPE permits 
sequential transcription on a paper 
seismographic record of the original 
tape from which transcription is 
being made. In the same transcrib- 
ing operation, a permanent, visible 
record can be made for later comparison with the transcribed tape. 

The sequence of original tape to record to transcribed tape is fixed, 
but it can be reversed on any model should the customer prefer. 

The Pen Monitor Assembly includes an integral magnetic recording 
head to permit transcription of a third tape instead of a paper record, 
for comparison with the transcribed tape. 

Long a standard item in the well-equipped processing office, the 
standard OMNITAPE can be rendered more valuable as a magnetic media 
transcribing device with the addition of the Pen Monitor Assembly. 

See the Hale exhibit in Booth #35 at the SEG Annual Meeting in 
Los Angeles, Nov. 9-12. 


343 WEST 23RD ST. * P.O. BOX 7487 * HOUSTON 
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Do you think 
gravity will work 
in this area? 


This is probably the most common question 
asked people in our specialty. The answer is 


yes. 


The nice thing about gravity is that it always 
works. We are measuring an inherent phenom- 
ena of nature which is universally present. We 
need send out no energy to get our signals— 
rather we measure the signals provided by 
nature herself. Specific gravity is a property 
that is common to all rocks. Thus, we need 
make no qualifications in answering this ques- 
tion in the affirmative. But obviously a literal 
answer to the question is not satisfactory to 


our oil-hunting inquirer. 


The question really being asked is: To what 
extent does gravity give us information about 
those top few miles of the earth's crust, which 


are of particular interest to the oil-hunter? 


Again we answer in the affirmative but not 


with one word. The answer lies only in ex- 


Thomas J. Bevan 
910 South Boston 


perience gathered through study of gravity 
maps and their correlation with known subsur- 
face information. From our experience so far, 
we believe the following statements are re- 
liable: 


(1) If salt domes are present they will be 
easily recognized whether shallow or rela- 


tively deep-seated. 


(2) In other areas where salt is not present 
in sufficient quantities to make domes, there is 
almost invariably an increase in density with 
depth which is sufficient to cause measurable 
maximum gravity anomalies over the larger 


structural uplifts. 


(3) There are usually deep-seated trends as- 
sociated with the basement complex which in- 
fluence the superimposed structural trends. In 
areas of low relief these trends may be the 


most important data on the gravity map. 


If proper use then is made of the data, allow- 
ing due respect to Newton's Law, error of ob- 
servation, and experience in similar geologic 
provinces, we feel that the gravity information 


will always be worth many times its cost. 


Ed M. Handley 
Tulsa, Oklahoma 
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SSC HAS WHAT IT TAKES. 
TO FIND OIL... ANYWHERE! 


Modern Field Equipment, Seismic Replay Center for More 
Field Crews, for Teonomical aspecting informative Interpretations 


Magnetic Tape Conversion fer Greater Data Plotting for More Realistic 
Versatifity in Exploration Data Presentation 


Management with World-Wide 
Experience and Background for Seismic Recording Instruments for 
Reliable Results Effective Prospecting 


WORLD-WIDE EXPERIENCE ON ALL CONTINENTS 


Wiretine 


SEISMIC — GRAVITY AND MAGNETIC SURVEYS — LORAC — CONTINUOUS VELOCITY LOGGING 


Seismograph Service Corporation 


P.O. Box 1590 © TULSA, OKLAHOMA Riverside 3-1381 


SSC of * SSC of Bolivio * SSC 

of Canada * SSC of Colombia * inter- 

notional * SSC of Libyo * SSC of Mesica 
WORLD-WIDE SUBSIDIARIES Servi 


THESE SERVICES 
AVAILABLE FOR 
YOUR USE NOW 


CALL OR WRITE... 
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i Analog Computing for More Significant 

: Seiscor Manufactaring Company Division - Birdwell Division 

= 

Compagnie Froncone de Prospection Sismique 


. Murky or clear, water can’t cloud the answers to your exploration 
oy sg when a GSI underwater gravity party goes in search 
em, A 
Data integration makes the difference. GSI tes with your 
exploration staff by interpreting data in the light of all available 
geophysical and geological information. 
Remember...we not only work for you, we work with you. 


Write today for Bulletin G 58-1 “Underwater Gravity Surveys” 


Georpnysicat Service Inc. 


100 EXCHANGE PARK NORTH © 35, TEXAS 
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